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THE ANNUAL MEETING 


The 32d Annual Meeting of the Society will open in the Engineer- 
ing Societies Building, New York, on Tuesday, December 5, 1911. 

The program as announced includes a large number of papers of 
professional interest, with sessions on such diversified subjects as the 
performance and strength of steam boilers, machine shop and foun- 
dry practice, cement manufacture, problems in the textile industry, 
and a gas power session at which a discussion of oil engines will be 
a feature. 


ENTERTAINMENT FEATURES 


At the conclusion of the address by the President and of the report 
of the tellers, on Tuesday evening, a reception will be tendered to 
the membership and their guests in the Society rooms, by the Presi- 
dent and President-Elect and their ladies. As the opening gathering 
of the convention this event offers opportunity for a furtherance of 
acquaintanceship among the membership and for the promotion of 
good-fellowship in the Society. Chamber music will be rendered 
and a collation will be served. 

_On Wednesday afternoon, December 6, the Ladies’ Committee, 
composed of ladies resident in or near New York, will give a recep- 
tion in the rooms of the Society to the membership anditheir guests, 
at which they hope to welcome a large number of theif frigiids, both 
among the members and visiting ladies. The Ladies’ Committee 
expect to make further provision for the entertainment of visiting 
ladies during the convention and will organize trips to various 
points of interest about the city. 
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The New York membership will entertain the Society and thei” 
guests in the grand ballroom of the Hotel Astor on Thursday evening 
December 7. Dancing will commence at nine o’clock and refresh 
ments will be served throughout the evening. The occasion i: 
expected to be one of unusual enjoyment and the Committee on 
Entertainment has the plans for the affair well in hand. Boxes wil 
be provided for those who do not care to participate in the dancing 


ADDRESS BY DR. R. 8. WOODWARD 


On Wednesday evening, December 6, Dr. Robert Simpson Wood- 
ward, president of the Carnegie Institution of Washington, will 
deliver an address on Geo-Dynamics, or the Mechanics of the Forma- 
tion of Worlds, which will be one of the important features of the 
convention. Dr. Woodward, who is a Past-President of the Ameri- 
can Mathematical Society, of the New York Academy of Sciences, an 
of the American Association for the Advancement of Science, and 
a member of the National Academy of Sciences, is an authority on 
this subject, and will give an address of great interest and value. 


EXCURSIONS 


The White Star Line has invited the Society to be its guest and to 
inspect the S. S. Olympic on Thursday afternoon, December 7, from 
1.30 to 2.30 o’clock. Both members and ladies will be welcomed 
on this occasion. This will be the first visit of the Olympic to America 
since her recent accident and repairs are being hastened so that the 
Society may not be disappointed in its plans to visit this great 
passenger vessel. 

Technical excursions are being arranged for Thursday and Friday 
afternoons, December 7 and 8, and will include visits to the Brooklyn 
Navy Yard, the Edison Laboratory, Bush Terminal, E. W. Bliss 
Company, Hotel Astor plant, and the Ward bread bakeries. In- 
formation regarding these and other points of interest about the city 
may be secured from the Bureau of Information in the foyer. 

The Soeiety:is cordially invited to visit the American Museum of 
Safety, lo@ated on the sixth floor of the Engineering Societies’ Build- 
ing, and to inspect its models and photographs of safety devices to 
protect the lives of workmen and the public. Someone will be in 
attendance to explain the various devices to those interested. 
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HEADQUARTERS 


The headquarters of the convention will be established in the foyer 
the first floor of the Engineering Societies Building, and members 
avd guests are requested to register immediately upon their arrival 
ead receive a badge and program. Railroad certificates should be 
sented at that time for validation. A writing room will be pro- 
ted on the first floor opposite the entrance, fully equipped for the 
» of members. There is also a telephone exchange with several 


‘ths on the first floor adjoining the elevators, providing ample facil- 
ii.-s for quick service. 


MEMBERS REGISTER 


‘he printed Members Register will contain the names of those 


ezistered before Wednesday evening and will be distributed at the 
rning session on Thursday. 


RAILROAD TRANSPORTATION 


Arrangements for hotel, transportation and Pullman car accommo- 
dations should be made personally. 

lor members and guests attending the Annual Meeting in New 
York, December 5-8, 1911, the special rate of a fare and three-fifths 
for the round trip, on the certificate plan, is granted when the regular 
fare is 75 cents and upwards, from territory specified below. 

a Buy your ticket at full fare for the going journey, between 
December 1 and 7 inclusive, and get a certificate, not a 
receipt, securing these at least half an hour before the 
departure of the train. 

b Certificates are not kept at all stations. If your station 
agent has not certificates and through tickets, he will 
tell you the nearest station where they can be obtained. 
Buy a local ticket to that point and there get your cer- 
tificate and through ticket. 

c On arrival at the meeting, present your certificate to the 
registration desk at the Headquarters. A fee of 25 
cents will be collected for each certificate validated. No 
certificate can be validated after December 8. 

d An agent of the Trunk Line Association will validate certifi- 
cates, Dec. 6, 7, 8. .No refund of fare will be made on 
account of failure to have certificate validated. 
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e One-hundred certificates and round trip tickets must be 
presented for validation before the plan is operative. This 
makes it important to show the return portion of your 
round trip ticket at Headquarters. 

f If certificate is validated, a return ticket to destination can 
be purchased, up to Dec. 12, on the sameroute over which 
the purchaser came, at three-fifths the rate. 

This special rate is granted only for the following: 


Trunk Line Association: 


All of New York east of a line running from Buffalo to Salamanca, all of 
Pennsylvania east of the Ohio River, all of New Jersey, Delaware and Mary- 
land; also that portion of West Virginia and Virginia north of a line running 
through Huntington, Charleston, White Sulphur Springs, Charlottesville, 
and Washington, D. C. 


PROGRAM 


TUESDAY, DECEMBER 5 
Opening Session, 8.380 p.m. 


Presidential Address: Taz ENGINEER IN THE Foutoure, Col. E. D. Meier. 

Report of Tellers of Election of Officers. 

Introduction of President-Elect. 

President’s reception in the rooms of the Society. All members and guests 
invited. Music and refreshments. 


WEDNESDAY, DECEMBER 6 
Business Meeting, 10.00 a.m. 


Annual business meeting. Reports of Council, tellers of election of member- 
ship, standing and special committees. Amendment to Constitution under 
C 57 relating .to the financing of geographical and professional sections. 
Announcement of sub-committees of the Committee on Meetings. New business. 


Professional Session 


Tue Turret EQuATORIAL TELESCOPE, James Hartness, member of Council. 
EXPENSE BuRDEN: Its INcIDENCE AND DistRIBUTION, Sterling H. Bunnell. 
STanDARD Cross-Sections, H. de B. Parsons. 


Professional Session, 2 p.m. 


Tests or Lance BoiLers AT THE DetrRoIT Epison Company, D. S. Jacobus. 

STRAIN MEASUREMENTS OF SomE STEAM BOILERS UNDER HypRosTaATi( 
PreEssuRES, James E. Howard. 

HERRINGBONE Gears, P. C. Day. 
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Simultaneous Session, Cement Manufacture 


his session will be in charge of the Sub-Committee on Cement Manufacture. 
A wumber of papers on important phases of the subject will be presented. 


Reception, 4.00 to 6.00 p.m. 


¢ 


ception by the Ladies’ Committee to the members and ladies, in the rooms 
oi 


he Society. Music and refreshments. 


Lecture, 8.00 p.m. 


\ddress: Gxro-DyNamics, OR THE MECHANICS OF THE FORMATION OF 


tps, Dr. Robert Simpson Woodward, President of the Carnegie Institu- 
, Washington, D. C. 


THURSDAY, DECEMBER 7 


Professional Session, 10.00 a.m. 
HE CorE Room: Irs EquipMENT AND MANAGEMENT, Henry M. Lane. 


i ESTS OF A SanD-BLastTine Macuine, Wm. T. Magruder. 


(Contributed by Sub-Committee on Machine Shop Practice) 
iirz Castines, Amasa Trowbridge. 


\ ARIABLE-SPEED Power Transmission, G. H. Barrus and C. M. Manly. 
(Illustrated with working models) 
Simultaneous Session, Gas Power Session 
Oi. Enetngs, H. R. Setz. 
Test oF AN 85-H.P. Orn Enatneg, Forrest M. Towl. 


Design CONSTANTS FOR SMALL GASOLENE ENGINES, Wm. D. Ennis. 


1000-Kw. Natura, Gas Enaine: Tests, ConsTRUCTION AND WORKING 
Costs, E. D. Dreyfus and V. J. Hulquist. 


Excursions, 1.80 p.m. 


Inspection of the White Star S. S. Olympic, 1.30 to 2.30 p.m. 


Technical excursions to points of engineering interest, to be arranged by 
the Committee. 


Reunion, 9.00 p.m. 


Reunion of the membership in Hotel Astor. Dancing and Refreshments. 


FRIDAY, DECEMBER 8 


Professional Session, 10.00 a.m. 


Tue DEVELOPMENT OF THE TEXTILE INDUSTRIES OF THE UNITED STATES, 
Frank W. Reynolds. 


(Contributed by Sub-Committee on Textiles) 
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RATIONAL PsycHROMETRIC FORMULAE: THEIR RELATION TO THE PROBLED 8S 
OF METEOROLOGY AND OF AIR CONDITIONING, W. H. Carrier. 
A1r-ConpiITIONING Apparatus, W. H. Carrier and F. L. Busey. 


EXPERIENCES WITH THE Pitot TUBE ON HicH anp Low Arr VELOCITIES, 
Frank H. Kneeland. 


Technical Excursions, 2.00 p.m. 


Visits to various points of engineering interest, including the Brooklyn Navy 
Yard, Edison Laboratory, Bush Terminal, E. W. Bliss Company, Hotel Astor 
plant, and the Ward bread bakeries. 


ORGANIZATION OF COMMITTEES 
COMMITTEE ON MEETINGS 


L. R. Pomeroy, Chairman 
C. E. Lucxe W. E. Hau 
H. peB. Parsons C. J. H. Woopsury 


MEETINGS OF THE SOCIETY IN THE NEW YORK 


WaLTER RavTENsTRAUCH, Chairman 
F. A. WaLpron, Secy. and Treas. 
F. H. Cotvin Epw. VAN WINKLE 


R. V. Wrieut 


COMMITTEE ON WAYS AND MEANS 
Freperick A. WALDRON, Chairman 
Geo. M. Basrorp HARRINGTON EMERSON 
Water L. CLarkK J. W. Lies, Jr. 


Wa. T. DonNELLY Water M. McFarLanp 
Cuas. A. Moore 


COMMITTEE ON PRESIDENT’S RECEPTION 
Georce J. Foran, Chairman 
R. 8. ALLYN Cuas. KirncHHOFF 
R. P. Botton J. W. Lizs, Jr. 


H. R. Cosieiex E. W. MARSHALL 
8S. D. Co.ietr F. J. Miter 


Maurice CostER ALFRED NOBLE 

W. N. Dickinson F. E. Rocers 
Lester G. FrRENcH W. ScHWANHAUSSER 
Wixuis E. Hatt THEO. STEBBINS 
H. A. Hey W. R. WaRNER 

W. D. Hoxiz I. H. Wootson 

W. H. Kenyon R. V. Wriaut 


COMMITTEE ON REUNION 
F. A. Scuerrier, Chairman 

. W. AIKEN F. E. Rogers 

. P. ALForD E. W. RuTHEerForp 

. R. Barus J. C. ScHABFFLER 

. G. FrencH E. A. Sperry 

. L. Gantr Taso. SresBins 
H. O. Ponp J. W. Taomas 
E. J. Prinpie F. A. WaLpDRON 
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COMMITTEE ON EXCURSIONS 
Wacrer Ravrensrravca, Chairman 


ACQUAINTANCESHIP COMMITTEE 
Roy V. Waicur, Chairman 


Afternoon 
C. J. Morrison, Sub-Chairman 
LAWRENCE ADDICKS 
F. E. EBERHARDT 


NKEAD, Sub-Chairman 
URLINGAME 
UNN 
ILLINGHAM 
. Kerra 
. MERRIAM 


SRM Ears 


= 


1Tz-WiLL1aAM SARGENT 


Thursday Morning 
J. J. McKesz, Sub-Chairman 
W. W. Curtis 
A. FaLKENAU 
J. W. Lies, Jr. 


Evening 
. Saeprarp, Sub-Chairman 
. COBLEIGH 
. Doveras 
’ Meiee 
- Harwarp, Jr. 
. Hurron 
. MAXWELL 
. OBERT 
. Scorr 


QQRsHOdme 
NOR er OP 


Afternoon 
. Strttman, Sub-Chairman 
- Barnes, Jr. 

. Gorpdon 


roy fe 


IDELL 
. ILsteY 
. JACKSON 
. J. Porter 
. Trmmis 


Sm Sos 
pwONOs 


Friday Morning 
Hosea Wesster, Sub-Chairman 


. RICKER 
. B. ScHEELE 


HL. Weenace 


LADIES’ RECEPTION COMMITTEE 


Mrs. Jesse M. Smitrn, Chairman 


. L. P. AtForp 

. Rospert 8. ALtyn 

. C. Kemsie Batpwin 
. Frank H. Batu 

. G. H. Barsour 

. AnTHUR R. Bayuis 

. Cuas. H. BicELow 

. Wu. H. Borum 

. L. B. Bonnett 

. 8. H. Bonnevu 

. F. T. CoapMan 

. W. W. Curistiz 

. Epwarp C1ArpDI 

J. V. V. Cotweitu 

. C. H. Consett 

. C. A. DawLey 

. GzorGcEe DINKEL 

. HARRINGTON EMERSON 


Mrs. Wa. D. Ennis 
Mrs. F. A. Errincton 
Mrs. Cuas. H. E’sstranp 
. Geo. L. Fow.er 
. R. E. Fox, Jr. 
. Newson E. Funx 
. F. peR. Furman 
. H. L. Gantr 
. ALBERT F, Ganz 
. A. H. GotpincHamM 
. F. A. Hatsey 
. G. A. Harris 
. Davin L. Hovues 
. W. D. Hoxte 
. Wu. F. Hont 
. Harry.C. Hutcuins 
. F. R. Horron 
. D. 8. Jaconus 
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Mrs. Wm. H. Kenyron . Sipney A. Reeve 
Mas. G. L. Knicutr . Carvin W. Rice 
Mrs. Nrxon Lee . J. M. Rosprnson 
Mrs. 8S. H. Lipsy . A. B. Sex 

Mrs. Joun W. Lies, Jr. . AuGustTus SMITH 
Mrs. F. R. Low . A. Parker Smita 
Mrs. W. W. Macon . THEODORE STEBBINS 
Miss Ciara E. MEIER . P. V. SrepHens 
Miss M. Atice MEIER . H. H. Supies 

Mrs. Wa. H. McKrever . W. S. Times 

Mrs. B. M. MircHe.u . H. G. Torrey 

Mrs. Samuzt L. Moors . Gustave R. Tuska 
Mrs. C. W. Opert . MaxweE ut M. Upson 
Mrs. Cuas. H. Parson . C. R. Wieut 

Mrs. NatHan B. Payne . Jas. Epw. WILson 
Mrs. H. O. Ponp . Ina H. Woo.ison 
Mrs. W. R. Porter . Roy V. Wricat 


COMING MEETINGS 
ST. LOUIS MEETING, DECEMBER 15 


The Society will join with the St. Louis Sections of the American 
Institute of Electrical Engineers and of the American Society of Civil 
Engineers, and with the American Society of Engineering Contrac- 
tors, in a dinner to be given under the auspices of the Engineers Club, 
on December 15 in the club rooms. 


BOSTON MEETING, DECEMBER 20 


A meeting of the Boston Section of the American Institute of Elec- 
trical Engineers will be held in Boston, on December 20, in which 
the members of the Society and of the Boston Society of Civil Engi- 
neers will codperate. A paper will be presented by W. L. R. Emmett, 
Mem.Am.Soc.M.E., engineer of the lighting department, General 
Electric Company, Schenectady, N. Y., on the Electric Propulsion 
of Ships. 





CURRENT AFFAIRS OF THE SOCIETY 


The activities of the Society can best be judged from the reports 
the Standing Committees to the Council, to be presented at the 
Annual Meeting. 

The work of the Committee on Meetings and of the Publication 

mmittee has been so fully referred to in The Journal from month 
» month, in connection with the development of plans for the meet- 
ings and with the publication of the annual volume of Transactions 
and of the Journal itself, that they need not here be dealt with at 
-ngth. The appointment of the sub-committees by the Committee 
1 Meetings, to be announced at the Annual Meeting, will mark one 
){ the most important forward movements that the Society has ever 
indertaken. Plans are also under way in connection with The Jour- 
nal for its development beyond the point of containing simply the 
proceedings of the Society, making it a periodical on mechanical 
engineering. 

[he Public Relations Committee reports its work in connection 
with the proposed bill for licensing engineers, before the New York 
Legislature. The bill was opposed on the ground that if one State 
should pass such a law, other States would be likely to follow with 
bills lacking uniformity in their requirements, thus imposing a bur- 
den on the profession. 

During the year the Research Committee has compiled lists of all. 
laboratories available for engineering investigation, in the hope of 
unifying the work undertaken and of collating the results. It is 
proposed to form a sub-committee on Safety-Valve Investigation. 

The House Committee has had the care of the Society rooms con- 
tinuously in hand, and the collection of pictures of Past-Presidents 
and Honorary Members has been enlarged, forming a notable col- 
lection. 

The Membership Committee has as usual performed faithfully 
its arduous task of reviewing the applications for membership, over 
200 having been added to the Society during the year. To the Com- 
mittee’s efforts is largely due its high standard of membership. 

The report of the Finance Committee, appearing in the current 
issue of The Journal, indicates the substantial success of the Society 
in financial matters. 

1l 
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Committee activity in this Society has never before been so prom- 
ising as now, showing a live interest in its affairs on the part of 
increasingly large number of members. Besides the Standing Com- 
mittees there are sixteen sub-committees and the various committees 
on meetings in the different cities; and to these will soon be added 
the sub-committees of the Committee on Meetings about to be formed. 
Of the special committees, that recently appointed to formulate 
standard specifications for the construction of steam boilersand other 
pressure vessels and for care of same in service, is undertaking an 
unusually broad work. Itis intended to prepare a code which will be 
submitted to engineers throughout the world, thus making it interna- 
tional in its scope and authoritative. 


AUTOBIOGRAPHY OF JOHN FRITZ 


Many members and friends of the Society will be interested to 
learn of the publication of a de luxe edition of the Autobiography of 
John Fritz, the noted steel manufacturer, Honorary Member and Past- 
President of the Society. This edition, which will be limited to 
200 copies, will be uniform in size with the Transactions of the Society, 


bound in dark green full Persian morocco, and will contain a photo- 
gravure portrait of the author and many other illustrations. 

Mr. Fritz dedicates the account of his life and achievements to the 
“loyal, able, brave and fearless men who so faithfully stood by me 
throughout my career. To them all, in whatever capacity employed, 
I am ever grateful, and I should like to call each one by name and to 
thank them personally, from the depth of my heart, for their most 
valuable assistance and for the uniform kindness they have ever shown 
me. They deserve the plaudits of the country for the innumerable 
blessings they have conferred in performing the great amount of 
mental and physical labor necessary in accomplishing the marvelous 
changes and wonderful results that have marked the development of 
the iron and steel business from my first connection with it some 
seventy years ago.” 


In the preface to the book, Mr. Fritz says that the book has been 


written wholly to satisfy the persistent urging of a number of old 
friends, who insisted on his writing out for them, in his own words, 
an account of his life struggles; and that the publication of the auto- 
biography before his death is owing to the fact that, against his 
wishes, these good friends would not wait for it, but insisted on having 
it now. He warns his readers not to expect fine language nor elo- 





SOCIETY AFFAIRS 13 


cuent periods, but only the honest record of the hard-working life 
‘one who loves his country and his fellowmen and who has tried to 
rve them both. 
The volume is expected to be ready for distribution about Decem- 
r 20. 


LETTERS OF ACKNOWLEDGMENT 


The following letters of acknowledgment have been received relat- 
x to the Engrossed Resolutions of Thanks sent to The Institution 

Mechanical Engineers, and to the recent election to Honorary 
embership in the Society of John A. F. Aspinall, Past-President of 
e Institution: 


Storey’s Gate, St. James’s Park, Westminster, S. W. 
October 5, 1911 

, dear Sir: 

| have to convey to you as President of The American Society of Mechanical 

gineers, both on my own behalf as well as for my colleagues on the Council, 

| the Members generally of The Institution of Mechanical Engineers, our 
st cordial thanks for the beautifully engrossed Resolution which your Society 
been so kind to send to our Institution. 

\t the same time I desire to assure you that we all most thoroughly endorse 
the satisfaction which you have expressed as to the cordial and harmonious 
relations of our two Societies. I can assure you of the great value we attach to 
this appreciation of the benefits which attend the interchange of professional 
ideas and the accompanying pleasant social side of such Meetings as those held 
in Birmingham and London in 1910. 

| may add that in order to ensure that these sentiments may be shared by all 
our members, wherever they may have their homes, it is intended to publish a 
copy of the engrossed Resolution in an early volume of our Proceedings. 

I am, dear Sir, 
Yours faithfully, 
E. B. Exiurneton, President 


’ Gledhill, Mossley Hill Drive, Liverpool 
October 8, 1911 


My dear Sir: 

It was with very great pleasure that I received your letter of September 
26th announcing to me that your Council had unanimously elected me an 
Honorary Member of The American Society of Mechanical Engineers. 

[ beg that you will convey to your Council my warmest thanks and my great 
appreciation of the honour which they have done to me. 

[t is one more evidence of the kindly feeling which exists between the two 
grcat English speaking Societies of Mechanical Engineering. 

| am satisfied that my colleagues on the Council of The Institution of Me- 
chanical Engineers will be as much gratified as I am at the action which your 
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Council have taken, and I can assure you that I accept the honour with 
the fullest knowledge of its value. 


Yours faithfully, 
Joun A. F. ASPINALL 


Storey’s Gate, St. James’s Park, Westminster, S. W. 
October 26, 1911 
Dear Mr. Rice: 

I am sure that you will like to know that when I read your letter of the 26th 
September to the Council at their recent Meeting, they appreciated the action 
of the Council of The American Society of Mechanical Engineers in electing 
Mr. Aspinall an Honorary Member of the Society. They welcomed the news 
as a well merited distinction for their Past-President. 

Iam, 
Yours very truly 
EpGar WORTHINGTON 


VISIT OF SIR WILLIAM H. WHITE 


An important event during the past month has been the visit of 
Sir William H. White, Honorary Member of the Society, to the 
United States, to receive the John Fritz Medal awarded by the John 
Fritz Medal Board composed of representatives of the four national 
societies of civil, mining, mechanical and electrical engineering. 

Sir William H. White is popularly associated in the minds of the 
American public with the design of the Mauretania, which makes the 
trip from Queenstown to New York in four days and ten hours, an 
unequalled record. Apprenticed at the age of fourteen to the master 
shipwright at the royal dockyards at Devonport, England, where he 
gained both practical knowledge of construction and a technical 
training from the school attached to the yards, he entered at the age 
of nineteen the Royal School of Naval Architecture in London, stand- 
ing first in the competitive examination for admission. Immediately 
after his graduation, he became a member of the staff of the Admir- 
alty, and for several years was largely engaged in the construction 
of the types of warships then regarded as the most advanced. He 
left the Admiralty to become the head of the warship department of 
one of the largest shipbuilding firms in England, and was the designer 
of warships for several of the largest navies of the world. Our own 
navy is directly indebted to him for plans from which the cruisers 
Charleston and Baltimore, the real beginning of our modern navy, 
were built. He resigned this work at personal sacrifice to become 
Director of Naval Construction in the British Navy, where he served 
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for thirty years. During that time 174 ships were built from his 
cesigns. 

Sir William H. White has been an Honorary Member of the Society 
‘or more than ten years. He last visited the Society at the Spring 
Meeting held in Atlantic City in 1910, when he came as an emissary 
‘rom The Institution of Mechanical Engineers, to complete the 
nlans for the meeting of the Society with the Institution, held in 
uly of that year in England. 

Members of the Council who were entertained by Sir William H. 
\Vhite during the meeting in England, gave a dinner in his honor, 

well as to Lady White and Miss White who accompanied Sir Wil- 
am on his visit, on Monday evening, November 20, at the St. Regis. 
. number of the hosts came from a considerable distance in order 
o be present, and covers were set for about thirty. Charles Whiting 
i\aker, chairman of the committee of arrangements, acted as toast- 
i1aster, and called upon George Westinghouse, Past-President of 
the Society, to offer to Sir William the toast, “He has brought Eng- 
‘and and America one day nearer together.”” E. D. Meier, President, 
offered a toast to Lady White, and Miss White was called upon by 
Ambrose Swasey, Past-President, to respond to the toast of “the 
White Rose of England.” 


Carvin W. Rice, Secretary 





REPORTS OF MEETINGS 
JOHN FRITZ MEDAL AWARD 


The John Fritz Medal, founded in 1902 to perpetuate the memory 
of the steel pioneer whose name it bears, and which is annually 
awarded by a Board made up of four representatives from each of the 
national societies, the American Society of Civil Engineers, the 
American Institute of Mining Engineers, The American Society of 
Mechanical Engineers, and the American Institute of Electrical Engi- 
neers, was on November 17, 1911, formally bestowed for notable 
achievements in naval architecture, on Sir William H. White, Hon. 
Mem.Am.Soc.M.E., former chief constructor of the British Navy, 
and the designer of the Mauretania. This is the eighth award of the 
Medal, John Fritz, Lord Kelvin, George Westinghouse, Alexander 
Graham Bell, Thomas Alva Edison, Charles T. Porter and Alfred 
Noble having been, in the order named, the former recipients. 

The occasion of the presentation was the annual dinner of the Soci- 
ety of Naval Architects and Marine Engineers, held in the grand 
ballroom of the Waldorf-Astoria. Stevenson Taylor, president of the 
society, acted as toastmaster and the award of the Medal was made 
by Onward Bates, Past-President of the American Society of Civil 
Engineers, Chairman of the Board of Award. Sir William H. White 
in accepting the medal, expressed his appreciation of the honor which 
it conveyed, and spoke particularly of his admiration for John Fritz 
who was present at the gathering. Sir William told of his own career 
and in closing said that the memory of the occasion would always 
remain with him. 

The evening concluded with a reception to Mr. Fritz, now in his 
ninetieth year. Secretary of the Navy Meyer was the principal 
speaker at the dinner. 


SAN FRANCISCO MEETING, NOVEMBER 2 


A meeting of the Society in San Francisco was held on November 
2, members of the American Society of Civil Engineers, the American 
Institute of Electrical Engineers, the Pacific Coast Gas Association, 
the Mining and Metallurgical Society of America, the American Insti- 
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ite of Mining Engineers, the American Chemical Society, and the 
‘echnical Society of the Pacific Coast, coéperating. The topic con- 
idered was the projected Engineering Congress in 1915 and the fol- 
owing resolution was adopted: 


Resolved: That a meeting of delegates from the various American engineer- 
g societies shall be held in San Francisco on January 15, 1912, for the pur- 
ise of formulating plans for holding an International Engineering Congress 

conjunction with the Panama-Pacific Exposition in San Francisco during 
ie year 1915; that each society represented at this meeting be invited to 
nd three delegates to this conference; and that the chairman and secretary 

this meeting be authorized in their discretion to invite other American 
gineering or technical societies not represented at this meeting, to partici- 
te. 


ST. LOUIS MEETING, NOVEMBER I1 


The members of the Society in St. Louis held a business meeting 
receded by an informal dinner at the Mercantile Club, St. Louis, 
1 November 11. At this meeting the availability of prospective 
yplicants was discussed and other routine matters considered. 


NEW YORK MEETING, NOVEMBER 14 


A well-attended and interesting meeting of the Society on the sub- 
ject of Welding, was held in the Engineering Societies Building on 
November 14. Papers on the subject were presented by H. R. 
Cobleigh, Mem.Am.Soc.M.E., International Steam Pump Company, 
New York, who gave a general account of the processes employed 
and the progress which had been made with them, with considerable 
stress also on the flame process; by G. E. Pelissier, Assoc.Am.Soc. 
M.E., Goldschmidt Thermit Company, New York; and C. B. Auel, 
assistant manager of works of the Westinghouse Electric and Manu- 
facturing Company, the former treating the thermit process and 
the latter electric welding. 

In the discussion, electric resistance, electric arc, thermit, oxy- 
acetylene and oxy-hydrogen welding were dealt with, the fields of 
application, costs of work, how difficult work may be accomplished, 
and the advantage of special features of apparatus, being taken up 
under each of these divisions. The papers and discussions were well 
illustrated with lantern slides, Mr. Pelissier presenting a series of 
moving pictures which showed the process under consideration very 
clearly. 
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Those who discussed the paper were: W. H. Brown, Mem.Am.Soc. 
M.E., of Cleveland, Ohio; W. H. Spire, Electric Welding Products 
Company; J. D. Mooney, The American Machinist, New York; 
Henry Cave, Autogenous Welding Equipment Company, Spring- 
field, Mass.; W. R. Noxon, Davis-Bournonville Company, New York; 
W. H. Levin, International Oxygen Company; W. J. Fritz, Linde 
Company; F. A. Saylor, Walter McCloud Company, Cincinnati, 
Ohio; J. F. Springer, New York; Hugo Lieber; Blau Gas Company of 
America, New York; E. B. Katte, Mem.Am.Soc.M.E., chief engi- 
neer of electric traction, New York Central and Hudson River Rail- 
road; C. B. Auel, East Pittsburgh, Pa.; Mr. Merrihew; T. 8S. Ten- 
ney, New York; Harry Harbison, Simmons Pipe Bending Works, 
Newark, N. J.; C. J. Nyquist, Davis-Bournonville Company, New 
York. 


NEW HAVEN MEETING, NOVEMBER 15 


The members of the Society in New Haven held a meeting in the 
Mason Laboratory of Mechanical Engineering on November 15, with 
afternoon and evening sessions. E. 8. Cooley, Mem. Am.Soc.M.E., 
of the Connecticut Company, New Haven, acted as chairman of 
the afternoon session and conducted a brief businessmeeting. Papers 


were presented on the Cost of Power. These included, A Suction 
Producer Gas Plant in a Lumber Mill, by A. W. Honywill, Jr., which 
was discussed by E. 8S. Cooley, J. H. Norris, Frank B. Perry, Geo. 
A. Orrok and F. L. Bigelow; The Cost of Power from a 125-h.p. 
Hornsby-Akroyd Oil Engine, F. P. Pfleghar and E. H. Lockwood, 
discussed by W. 8. Hudson, Geo. A. Orrok, H. L. Isbell, and Messrs. 
Krah and Risteen; The Present Status of the Small Steam Turbine, 
W. J. A. London, discussed by F. R. Low, W. S. Huson, J. H. Norris, 
L. P. Breckenridge and E. 8. Cooley. 

The afternoon session adjourned at five o’clock for inspection of 
the laboratory, and dinner was served in the Yale Dining Club. 

At the evening session, L. P. Breckenridge, Mem.Am.Soc.M. E., 
professor of Mechanical Engineering, Yale University, presided, and 
introduced Col. E. D. Meier, President of the Society, who gave an 
address of welcome. He was followed by Chas. F. Scott, Mem.Am. 
Soc.M.E., New Haven, Conn., who gave an illustrated lecture on 
the Hartford Electric Light Company: its Power Plant, Distribution 
System and Public Service. More than 100 were in attendance at 
the meeting. 
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BOSTON MEETING, NOVEMBER 16 


A meeting of the Society was held in Boston on November 16, 
the Boston Society of Civil Engineers and the Boston section of the 
\merican Institute of Electrical Engineers céoperating. Charles 

Norton, associate professor of physics at the Massachusetts Insti- 
cute of Technology, Mem.Am.Soc.M.E., presented a paper on the 

‘bject of Some Refractory Substitutes for Wood, which told of the 

e loss in this country due to the use of a large amount of rapid 
burning material in buildings, and outlined the various attempts 
niade by different scientists to produce some satisfactory substitute. 
Professor Norton’s own invention was described and full size sam- 
ples of various manufactured articles were submitted. Lantern 
<iides were used in describing the process of manufacture. 

The paper was discussed by F. E. Cabot of the Boston Board of 
‘ire Underwriters; W. L. Puffer, consulting engineer, Boston; F. F. 
Jonsberg, contractor and builder; G. K. Manson, consulting engi- 
iceer with New England Telegraph and Telephone Company, Boston, 
Mass.; F. A.Waldron, Mem.Am.Soc.M.E., New York; Chas. T. Main, 
Mem.Am.Soc.M.E., Boston. Written discussion was contributed by 
L.. H. Kunhardt, vice-president and engineer of the Boston Manu- 
facturers’ Mutual Fire Insurance Company; H. O. Lacount, Mem. 
Am.Soc.M.E., engineer of the Associated Factory Mutual Fire In- 
surance Companies; C. J. H. Woodbury, Mem.Am.Soc.M.E., con- 
sulting engineer, Boston; E. V. French, vice-president and engineer 
of the Arkwright Mutual Fire Insurance Company. 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 


The Student Branch of the Armour Institute of Technology 
met on November 1, 1911, and was addressed by A. J. Frith, 
Mem.Am.Soc.M.E., on the Diesel Engine. Professor Frith de- 
scribed the action of the engine in detail, with the aid of cards and 
diagrams. The construction of both the German and American 
types of engines were taken up, and the most important features 
influencing their design were explained. A number of interesting 
points of a practical nature were brought out during the discussion. 
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COLUMBIA UNIVERSITY 


A meeting of the Columbia Student Branch was held October 27, 
1911, when the subject of Mechanical Engineering as Applied to the 
Manufacture of Shredded Wheat was presented by C. H. Wilson. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


On Thursday evening, November 2, Mr. Weingar of the Studebaker 
Corporation gave an illustrated lecture before the Mechanical Engi- 
neering Society of the Massachusetts Institute of Technology, upon 
Automobile Construction at the E. M. F. Factories. The lecture 
was illustrated by moving pictures. The points covered were, the 
sulphur and carbon test on the iron and steel purchased, tensile and 
torsion tests, molding, pouring, welding, case-hardening, drop forging 
of several different parts, special jigs, multiple machinery, such as the 
drilling of 17 holes simultaneously, blanking out of the body, cylin- 
der boring, and the assembly of the motor and the car. At the close 
of the lecture a vote of thanks was extended to Mr. Weingar. 


OHIO STATE UNIVERSITY 


On October 23, 1911, the Ohio State University Branch held a meet- 
ing at which J. T. Hay, chief chemist of the Stark Rolling Mill 
Company, Canton, O., spoke on the Effects of Improper Methods in 
the Manufacture of Iron and Steel. A discussion followed in which 
Professor Orton, E. A. Hitchcock, Mem.Am.Soc.M.E., F. E. Sanborn, 
Jun. Am.Soc.M.E., and others took part. 


POLYTECHNIC INSTITUTE OF BROOKLYN 


At a meeting of the Polytechnic Student Branch on November 4, 
thirteen new members were admitted. The speaker of the evening 
was Mr. Ordway of the Yaryan Company, who gave a very interest- 
ing address on Multiple Effect Evaporation. 


STEVENS INSTITUTE OF TECHNOLOGY 


At a meeting of the Stevens Engineering Society on October 19, 
addresses were delivered by Calvin W. Rice, Secretary, and Charles 
Whiting Baker, Vice-President of the Society. Mr. Rice after extend- 
ing the greetings of the Society, spoke of the exceptional advantages 
offered by membership in a student branch, and expressed the hope 
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_at the student members would avail themselves of the privilege of 
siting the rooms of the Society. Mr. Baker took as his subject, 
eading for Engineers, and said that despite the rather confusing 
ealth of technical literature such reading should not be entirely 
lected. Mr. Baker advised above all a certain amount of non- 
chnical reading, that the engineer may not become a mere computing 
achine. 
At a meeting on October 26, G. L. Clouser presented a paper on 
dustrial Management, with Special Reference to the Development 
‘ Labor. The paper made a comparison of the various systems of 
iployment as to their advantages and disadvantages; and included 
consideration of the worker and his surroundings and the requisites 
‘or an efficient executive organization. An interesting discussion 
llowed in which many took part. 


UNIVERSITY OF KANSAS 


A meeting of the University of Kansas Student Branch was held 
on October 26, with the following papers: The Arrangement and 
i.quipment of the Allis-Chalmers Plant at West Allis by V. H. Hil- 
ford; The Plants of A. O. Smith in Milwaukee and the Thomas B. 
Jeffery Company in Kenosha by C. G. Martinson; Aluminum Cast- 
ings by Mr. Ackerman; The Gyroscope Compass by Mr. Newby; 
Aerial Navigation by Mr. Nosfinger. 

The annual inspection trip made this year by members of the 
society included the plants of The Indiana Steel Company, at Gary; 
the Standard Oil refinery at Whiting; the Commonwealth Edison 
Company, and Western Electric Company, in Chicago; Allis-Chal- 
mers, A. O. Smith, Vilter, and light and power plants in Milwaukee; 
and the Thomas B. Jeffery Company in Kenosha, Wis. 

At the meeting on November 2, the subjects presented were, The 
Distribution of Rainfall in Various Sections of the United States, by 
C. I. Corp, Jun.Am.Soc.M.E; The Fisk and Quarry Street Sta- 
tions of the Commonwealth Edison Company in Chicago, by Mr. 
Conley; Revue de Mécanique, by L. E. Knerr; and The Power Plant 
of the Curtis Publishing Company in New York by Mr. Bevlin. 


UNIVERSITY OF MISSOURI 


At a meeting of The University of Missouri Student Branch on 
November 6, 1911, two papers were read, one on the Manufacture 
of Dynamite by 8S. Thomas, and another on the Manufacture of Plate 
Glass by F. I. Kemp. 





MEETING OF THE COUNCIL 


A meeting of the Council was held on November 20, at which the 
following were present: E. D. Meier, President, presiding; 8. G. Flagg, 
Jr., Jesse M. Smith, H. G. Reist, E. B. Katte, H. L. Gantt, James 
Hartness, George M. Brill, I. E. Moultrop, F. W. Taylor, Chas. 
Whiting Baker, F. R. Hutton, Alex. C. Humphreys, R. M. Dixon, 
and Calvin W. Rice, Secretary. 

The Secretary read the amendment to the Constitution proposed 
by the Committee on Meetings of the Society in New York, authoriz- 
ing an assessment of $3 per capita on the membership resident in 
New York and vicinity. 

Voted: That in the opinion of the Council it is unwise.at the pres- 
ent time so to amend the Constitution as to make any fixed increase 
in the dues of any section of the membership. 

Voted: That when the matter is brought up at the business session 
of the Annual Meeting, December 6, 1911, the amendment offered 
by the committee be amended by substitution as follows: 


The expenses of all meetings of the Society and of any group or section 
thereof, shall be provided for in accordance with such By-Laws and Rules 
as the Council may from time to time adopt; provided, however, that nothing 
in this section shall be construed to authorize the Council to make any 
increase in the annual dues of members in any grade. 


Voted: That the report of the special committee appointed by the 
Council on the plan for financing professional and geographical sec- 
tions be accepted and placed on file. 

The report of the Committee on Constitution and By-Laws was 
presented by Jesse M. Smith. 

Voted: To accept the annual report of the Finance Committee, 
together with schedule of appropriations for the coming year. 

Voted: That the thanks of the Council be given to R. M. Dixon 
and W. H. Marshall for the work accomplished in raising the money 
for the land debt of the Society. 

Voted: That the adjustment of any subscriptions to certificates in 
excess of the issue be referred with power to the Finance Committee. 

Resolved: That the Council desires to express its high apprecia- 
tion of the work of the Publication Committee in maintaining the 
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igh character of the Society’s publications, and adding so largely to 
the Society’s income during the past year. 

Voted: That the reports of the Standing Committees as required 
nnually under the By-Laws be sent in galley proof to every member 
‘ the Council for their information and approval. 

Voted: That the report of the Committee on Power House Piping, 
ated April 24, printed in The Journal, June 1911, for presentation at 

‘he Spring Meeting in Pittsburgh, be received and ordered printed 
nd that the Committee be discharged with thanks. 

Voted: That the report of the Special Committee on ballots for 
lection in the Society be referred to the Committee on Constitu- 
ion and By-Laws. 

Voted: To appoint the following committee to arrange details of 

reception to the delegates to the Twelfth International Congress 
{ Navigation to be held in June 1912: Chas. Whiting Baker, 

iV. M. McFarland, G. B. Massey, George W. Melville, H. de B. 
varsons, Stevenson Taylor, with power to select a delegate to the 
‘ongress, to which the Society is entitled by virtue of its member- 
ship in the Permanent International Association of Navigation Con- 
oresses. 

Voted: That the Secretary be appointed Honorary Vice-President 
to represent the Society on the local committee of arrangements for 
the Sixth Congress of the International Association for Testing Mate- 
rials, to be held in September 1912 and to serve temporarily as repre- 
sentative to the Congress. 

Voted: In response to the invitation of the American Museum of 
Safety, that L. D. Burlingame be appointed Honorary Vice-President 
to represent the Society on the local committee arranging for the 
International Congress for the Prevention of Accidents and Industrial 
Hygiene, to be held in Milan in 1912. 

Voted: Toconfirm the appointment of Carl Angstrom as Honorary 
Vice-President at the 50th anniversary of the foundation of the 
Svenska Taknologforeningen and 250th anniversary of the birth of 
the Swedish engineer and inventor, Christopher Polhem, held in 
Stockholm, Sweden, November 18, 1911. 

Voted: That the Society issue the autobiography of John Fritz, 
Honorary Member and -Past-President, and that the Secretary be 
authorized to work out the details. 

Voted: That the design of student pin which has been approved 
for several of the student branches of the Society, be approved for 
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all educational institutions with the appropriate changes in initials 
and colors to suit individual cases. 

Voted: To confirm the action of the Executive Committee recom- 
mending for ballot the list of applicants approved and submitted by 
the Membership Committee under date of September 18, 1911. 

The Secretary read letters of appreciation from The Institution of 
Mechanical Engineers concerning the resolutions of thanks which 
had been presented to them, and the conferring of Honorary Member- 
ship on Mr. J. A. F. Aspinall, their Past-President, from whom a 
letter was also read. 

Voted: That these be published in The Journal. 

The Secretary spoke of the work which Mr. Max Toltz had been 
doing in St. Paul toward enlarging the membership of the Society in 
that city, and on motion, the Secretary was requested to transmit to 
Mr. Toltz a vote of appreciation and thanks. 

The following resignations were accepted: Edw. M. Blake, J. 
Lawrence Lyon, E. H. Bedell, H. B. Binsse, 8. A. Ellenbogen, W. A. 
Drysdale, W. F. Hibbert, Cortlandt E. Palmer, W. M. Stone, C. T. 
Church, C. H. Quereau, R. W. Berliner, H. E. Smith, E. W. Daven- 
port, A. Y. Hoy, W. F. Kneif, F. J. Loomis, W. C. McBain, R. E. 
Titcomb. 

The Secretary reported the following deaths: J. L. Gobeille, H. J. 
Johnson, John Turner, R. H. Thomas, L. R. Hopton, Edgar W. Mix, 
W.S. McKinney, C. D. Haskins, T. B. Davis, O. A. Stranaham. 

Voted: To approve the following amendment to By-Law 20: 


B20 The Council shall institute a monthly publication to be called ‘The 
Journal” which shall be under the management of the Secretary, who shall act 
under the general supervision of the Publication Committee, subject to approval 
by the Council as to the policy thereof and the expenditures therefor. The 
annual subscription price of The Journal to each member is two dollars and 
is included in the annual dues of such member. 


Voted: To request the Publication Committee to advise at the 
next Council meeting what societies shall be regarded as “sister socie- 
ties” to whom The Journal will be sold at the $2 rate. 

The minutes of the Council meeting of September 15, 1911, were 
read and approved. 

Voted: In response to the invitation of the National Waterways 
Commission, H. G. Stott be appointed an Honorary Vice-President 
to represent the Society at the hearings to be held in Washington, 
D. C., beginning Tuesday, November 21. 

The meeting adjourned. 





REPORT OF THE FINANCE COMMITTEE 


Appended will be found the certified report of the examination of 
he accounts of the Society, made by Messrs. Peirce, Struss & Com- 
any, for the fiscal year of the Society, ending September 30, 1911. 

The total receipts of the Society were $97,580.67 and the expendi- 
ures were $95,081.74, not including $600 returned to Reserve Fund 
:ecount. 

The appropriations made at the beginning of the year contemplated 

total expenditure amounting to $88,390 based on an estimated 
ncome of $88,500, $1900 of the appropriations being from reserve. 
sut because of the increased earnings of the Society, due to the pro- 
sressiveness of the management of The Journal and the earnings 
.ceruing therefrom, and because of the increased amount of sales 
ind the earnings accruing therefrom, your Finance Committee recom- 
nended to the Council that it increase the appropriations primarily 
nade, to a total of $94,390.83. 

The mortgage indebtedness, which at the beginning of the year was 
$81,000, has been met by the sale of 4 per cent Certificates of Indebt- 

edness. The total subscriptions amount to $84,700 of which $75,- 
100 has been paid. With the issuance of these Certificates of Indebt- 
edness it becomes obligatory on the Society to devote all initiation 
fees to their redemption, and it has been the understanding that the 
initiation fees devoted to this purpose are approximately $6000 a 
year. It therefore seems to your Committee of the utmost impor- 
tance for the Society that steps be taken to insure this and that a 
special committee on Increase of Membership, composed of well- 
qualified men, should be appointed for the express purpose of using 
all reasonable means for the adding to the membership of properly 
qualified engineers who are not now members of the Society. 

Your Finance Committee recommends that $1898.93 be appro- 
priated towards cancelling the amounts advanced by the Society on 

the Engineering Building, and that enough be taken from Reserve 
Fund, namely $2117.98, to wipe out this account, and that payments 
to the Land Fund as hereafter paid be credited to Reserve Fund. 











26 SOCIETY AFFAIRS 


For the year ending September 30, 1912, it is estimated that the 
income of the Society will be $100,000 as follows: 


Interest and discount 
Advertising 
Miscellaneous 


and it recommends that the following appropriations be made: 


Finance Committee $26,875 
Membership Committee 
Increase in Membership 
House Committee 

Library Committee 
Meetings Committee 
Council 

Publication Committee 
Research Committee 
Committee on Power Tests 
Public Relations Committee 
Sales Expenditures 

Reserve Fund 


$ 91,600 


which, in the opinion of your Committee, should not be exceeded on 
an estimated income of $100,000. 

It is also recommended by your Finance Committee that all unex- 
pended appropriation balances be returned to unappropriated 
revenue, and that the expenditures made which exceed specific 
appropriations be approved. 

Respectfully yours, 


R. M. Dixon, Chairman 
G. J. RoBerts 

W. H. MarsHauy Finance Committee 
H. L. DouEerty 

W. L. SAUNDERS 
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Perrce, Struss & Co. 
CERTIFIED PusBLic ACCOUNTANTS 
October 26, 1911 

\Ir. R. M. Drxon, 

CHAIRMAN Finance CoMMITTEE 
Dear Sir: 

In accordance with your instructions, we have audited the books and 

counts of The American Society of Mechanical Engineers for the year ended 
september 30, 1911. 

The results of this examination are presented in three exhibits, attached 
ereto, as follows: 

Exhibit A Balance Sheet, September 30, 1911 

Exhibit B Income and Expenses for the year ended September 30, 1911 

Exhibit C Receipts and Disbursements for year ended September 30, 1911 

We beg to present, attached hereto, our Certificate to the aforesaid exhibits. 


Respectfully submitted, 
Peirce Struss & Co. 
Certified Public Accountants 


Perrce, Struss & Co. 
CERTIFIED Pusiic ACCOUNTANTS 
October 25, 1911 
\In. R. M. Drxon, 
CHAIRMAN FINANCE COMMITTEE 
Dear Sir: 


Having audited the books and accounts of The American Society of 
Mechanical Engineers for the year ended September 30, 1911, we hereby cer- 
tify that the accompanying Balance Sheet is a true exhibit of its financial con- 
dition as of September 30, 1911, and that the attached statements of Income and 
Expenses, and Cash Receipts and Disbursements are correct. 


Perrce, Struss & Co. 
Certified Public Accountants 


EXHIBIT A 
BALANCE SHEET, SEPTEMBER 30, 1911 


ASSETS 
Equity in Societies Building 

(25 to 33 West 39th Street) 
Equity one-third cost of land 

(25 to 33 West 39th Street) 


Library Books 
Furniture and Fixtures 
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New York City 33% Bonds 1954 
Par $35,000.00. . » Sebi vied s «clea ie 
Cash in Bank representing Trust Funds 11 085.78 


42 010.78 


Stores including plates and finished pub- , 
lications 12 165.10 

Cash in bank for general purposes 19 745.32 |-4 

eee 250.00 


19 995.32 
Accounts Receivable 


Membership Dues 
Initiation Fees 
Sale of publications, advertising, etc. 9354.81 
— 18 821.81 
Advances account land subscription fund. 4 016.91 
Unexpended Appropriation ; €90.91 
Advance payments 1 687.29 


I he in ec da we we waned $650 734.74 


LIABILITIES 


United Engineering Society .. 

Certificate of Indebtedness applied ‘to 
Rh hi ss ba ot thd be doh sieind Reine 

Certificate of Indebtedness unapplied to 


Funds 
Life Membership Fund $35 151.07 
Library Development Fund 4 902.71 
Weeks Legacy Fund................. 1957.00 
——_ 42 010.78 
Current Accounts Payable............... 4 538.40 
Dues paid in advance 
Initiation fees paid in advance.......... 
1 041.51 
Initiation fees uncollected............... 475.00 
Unappropriated Revenue 4 489.84 
Reserve (Initiation fees) 32 206.97 
Surplus in property and accounts receiv- 


477 872.24 


TORE EAINIOB vo osicc kee ce nccvsedex $650 734.7. 
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EXHIBIT B 


[INCOME AND EXPENSES FOR THE YEAR ENDED SEPTEMBER 30, 1911 


INCOME 


mbership Dues 

Sled QUOMD SOCUEPER. ....ccccesccesewccces 
vertising 
erest and Discount 

h ise khiSet oc de rv cavepaberes Us 


EXPENSES 


1ance Committee Office Administra- 
tion including Salaries 
iance, United Engineering Society 
Assessments 
iance, Miscellaneous 
l'nance, Interest 
nance, London Book 
nance, Stores Expense................. 1713.18 
———— 30 817.15 
Membership Committee 2 137.84 
Inerease of Membership Committee... .. 490.96 
Ifouse Committee 994.70 
Library Committee 3 698.40. 
Committee on Meetings 
Annual Meeting 
Monthly Meetings 
Spring Meeting 
Student Meetings.................... 
Gas Power Meetings................. 
Meetings Programs 
Classification 
8 720.31 


Power Test Committee.................. .59 
Amount Forward $46 859.95 


Publication Committee 
Advertising Section, The Journal.... 14 956.77 
15 739.51 
513.89 
8 615.65 
2 874.38 


Transactions Volume 31]............. 954.18 
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Research Committee.............. 
Public Relations Committee....... 
Sales Expenditures.................. 
Reserves Fund 


95 681.71 
1 898.93 


$97 580.67 


EXHIBIT C 


RECEIPTS AND DISBURSEMENTS FOR YEAR ENDED SEPTEMBER 30, 1911 


RECEIPTS 


Membership Dues $54 775.00 
Initiation Fees 5 490.00 
Membership Dues and Initiation Fees 

paid in advance 1 194.84 
Sales of publications, badges, advertis- 

ing, etc 37 626.80 
Subscription to Land Fund.............. 5 900.00 
Interest 2 112.54 
Certificates of Indebtedness............. 47 106.33 


154 205.51 

Cash in Banks and on hand, 
September 30, 1910 15 218.32 
———_ $169 423.83 


DISBURSEMENTS 


Disbursements for general purposes $98 342.73 
Payments on the mortgage with funds re- 
ceived from sale of Certificate of 
Indebtedness 40 000.00 
Cash in Banks and on hand, 
September 30, 1911 31 081.10 
$169 423.83 
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NECROLOGY 
JOSEPH LEON GOBEILLE 


'oseph Leon Gobeille, identified throughout most of his business 
c reer with the Gobeille Pattern Company, Cleveland, Ohio, was 
b en in Poughkeepsie, N. Y., July 2, 1855. He obtained his mechani- 
e:| training at Cooper Union, New York, and at the Rensselaer 
}. lytechnic Institute, Troy, N. Y. At eighteen years of age he en- 
te.ed the pattern shop of N.S. Vedder in Troy, leaving there five years 
l: ‘er to take charge of the department of design and ornamentation 
with the Cleveland Stove Company, Cleveland, Ohio. In 1881 he 
e-tablished the firm of Gobeille & Brothers in the same city, retain- 
ing for himself the designing and drafting. In 1884 he bought out 
this concern and organized the Gobeille Pattern Works which he 
lcveloped to large proportions. While he specialized in stove pat- 
terns, his shop turned out some of the largest and most intricate 

‘ork called for by the leading foundries of the country. He invented 
and constructed ingenious and useful woodworking machinery and 
his pattern shop was provided with valuable and rare machine tools. 

Leaving Cleveland in 1905 after a financial reverse, he was con- 
nected for a short time with the Abram Cox Stove Company, Phila- 
delphia, Pa. Later he went to Niagara Falls, N. Y., and organized 
the Gobeille-Harris Pattern Company, of which he retained control 
until attacked by the illness which caused bis death on September 
27, 1911. 

Mr. Gobeille was a past-president of the Cleveland Engineers Club 
and contributed papers at various times to meetings of foundrymen 
and stove manufacturers associations. He will also be remembered 
as a writer of short stories and a lover of rare books. 


HENRY JAMES JOHNSON 


Henry James Johnson was born in Providence, R. I., July 7, 1842. 
He was educated in the Providence public schools and in 1861 was 
graduated from Brown University with the degree of C.E. From 
1863 to 1891 he was employed by the Providence Steam Engine Com- 
pany, first as draftsman and later as designing engineer. He designed 
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and superintended the construction of the Nagle pumping engine, 
the Burdict bolt and nut forging machines, steam capstans for the 
United States Navy, the improved Greene automatic drop cut-of* 
engine, stationary and marine boilers, and others, upon several o° 
which he secured patents. In 1891 he became designing engineer fo: 
Plumb, Burdict and Barnard, Buffalo, N. Y., bolt manufacturers 
Two years later he again became connected with the Providence 
Steam Engine Company in the capacity of consulting engineer, anc 
from 1898 to the date of his death was consulting engineer for File: 
and Stowell Engineering Company’s eastern office. 


JOHN TURNER 


John Turner was born May 8, 1846 at Cornwall, England, and si: 
years later moved with his family to this country, settling in Michi- 
gan where his father became a mine contractor. He received hi: 
early education in the schools of Dover, N. J., and in 1863 entered the 
machine shop of Hewes & Phillips, Newark, N. J., where he served his 
apprenticeship and later became erecting engineer. In this capacity 
he was associated with the Watts Campbell Company, Newark, 
after which he became superintendent of shops for Boone & Perez, 
Brooklyn, N.Y. From 1874 to 1885 he acted as chief engineer at 
the State Asylum, Morris Plains, N. J., leaving there to take charge 
in the same capacity of the Peerless Steam Power Company. In 
1887 he became chief engineer of the College of Physicians and Sur- 
geons, New York, and in 1890 superintendent of central station 
construction for the General Electric Company, having entire charge 
of the construction of the underground system for the Cincinnati 
Edison Station and the Cleveland General Electric Company. In 
1894 he became supervising engineer on the construction of the Amer- 
ican Surety Building and later became its chief engineer for a period 
of three years. Subsequently he was associated with Sanderson & 
Porter, contracting and consulting engineers, for whom he built the 
electric light and railway plants at Far Rockaway, and the lighting 
plants at Tuxedo and Peekskill, N. Y. In 1901 he became super- 
intendent and chief engineer of the American Bank Note Company, 
and from 1907 to the time of his death on September 12, 1911, acted 
in the same capacity at the Bishop Building. 





RECIPROCATING BLAST-FURNACE 
BLOWING ENGINES 


By W. TrInKs 


ABSTRACT OF PAPER 


he causes for the gradual change and progress in reciprocating blowing-engine 
practice are set forth. An elementary study of valve motion is given and the 
valve gears of present standard American practice are described. It is shown 
that these engines are very successful at the speeds for which they were designed, 
but that at higher speeds they cannot be used successfully, so that new designs 
had to be brought out in order to meet the pressing demand for higher speeds 
and lower first cost. Two American designs are described. It is shown that 
these valve systems, although much superior to the so-called standard gears 
when used for high speeds, have not yet broken with the idea that smallness of 
clearance is required for economy, whereas German builders have demonstrated 
that by the use of multi-ported plate valves large valve areas and economy at 
high speed operation can be obtained in spite of large clearance. The foremost 
European types of plate valves are described and the results of tests are given. 

It is pointed out that the bringing up of the piston speed of the blowing engine 
to the standard piston speed of the power gas engine or the power steam engine 
reduces the first cost of the reciprocating blower and that the combination of 
the high-speed blast-furnace gas engine with a high speed blower constitutes the 
most economical method for the production of furnace blast. 














RECIPROCATING BLAST-FURNACE 
BLOWING ENGINES 


By W. Trovgs, Prrrssura, Pa. 
Member of the Society 


In the last 20 years American blowing-engine practice has assumed 
ather set forms. The growing size of furnaces has increased blast 
ressures to a point where the heat of compression has made the 
se of felt, canvas, or leather valves impossible. Certain forms of 
alves and engine types have been developed which have dominated 
1e market for a number of years, and their operation furnishes today 

e blast for more than 90 per cent of the pig-iron capacity of the 

nited States. But a few years ago the contentedness of American 
builders and users of blowing engines was rudely shattered by a 
louble European invasion: the gas engine and the turbo-blower. 

2 The gas engine, although much more economical of fuel than 
he steam engine, is more expensive with regard to first cost. To 
educe the cost per horsepower, high piston speed must be employed; 
hus the piston speed has been increased from the 300 ft. per min., 
eretofore considered standard in steam-driven blowers, to 600 ft. 
per min. in modern American gas-driven blowers. In Europe 
eciprocating blowers run at piston speeds of 750 ft. per min.; the 
pas engine for generation of power runs today at piston speeds very 
lose to 1000 ft. per min. 

3 The turbo-blower appeared on the market a few years ago 
rst on the European continent, where its progress was completely 
hecked by the price of coal. The steam turbine could not compete 

ith the low fuel consumption of the gas engine. Recently the 
urbo-blower has also been introduced in this country. Here the 
ower price of coal and the higher price of operating labor will favor 
its introduction in a few districts, but the old law that progress in 
one line of business invariably begets progress in a competing line 
is true also in this case, and thus we find builders of reciprocating 
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engines busy making improvements and raising the standard of their 
product. 

;-4 The understanding of the reasons why the standard types of 
American blowing engines are so successful at medium speeds and 
what their shortcomings are at high speeds will be much facilitated 
by a short study of valve motion and of throttling losses through 
valves. 
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Fic. 1 Ipgau VAtve MorTIoN oF _— oR CoMPRESSORS ON DISPLACEMENT 
ASIS 

5 It is proved below that high velocity through valves is harm- 
ful; the tendency is therefore to keep the velocity at a fairly constant 
low value; and since the piston of an engine has very nearly har- 
monic motion, it follows that the valve should also have harmonic 
motion, if aconstant and small pressure drop is desired. On 
a displacement basis harmonic motion becomes a circle. Fig. 1 
shows the valve lift on a displacement basis. The inlet valve is open 
practically throughout the stroke; the outlet valve should pop 
open near the middle of the stroke and close at the end. 

6 Fig. 2 shows this same ideal diagram on a time basis. It 
will be noted that the curves intersect the base line at an angle, 
indicating that if these ideal motion curves are realized the valve 
will strike a blow in seating. The velocity of striking depends upon 
the lift of the valve and upon the time of one revolution, which 
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means that high-lift valves, while successful for low rotative speeds, 
become impractical for high rotative speeds. 

7 Consciously or unconsciously, engineers have striven to design 
valves and valve gears for blowing engines so that the above valve 
motion curves are approximated. Two circumstances interfere 
with attaining the ideal; one is the quantity of air under a lift 
vaive, which lessens the discharge through the valve during its lift 
and increases the discharge during the closing period; the other is 
the mass of the valve which has baffled designing engineers quite 
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Fie. 2 Ipgant VALvE MoTIon or Pumps or CoMPRESSORS ON TIME Basis 


often. The author published 12 years ago, when his experience 
was mainly theoretical, formulae for designing valves and springs 
in such a way that the pressure difference on the two sides of the 
valve and the impact of the air flowing through the valve would be 
nicely balanced by the spring and that the ideal valve lift curve 
could be attained. He was very much surprised by valve vibrations, 
when the formulae were put to a test. As a pendulum swings about 
its position of equilibrium, so a valve will vibrate about its ever 
changing position of equilibrium, if it is designed to float between 
the air pressure and current on one side and the spring on the other 
side. A typical (diagrammatic) valve lift curve is shown in Fig. 3. 
A diagrammatic or made-up curve was preferred to a curve taken 
from a particular engine, because an endless variety of vibrations 
is possible depending upon the mass and shape of the valve and upon 
the spring loading. It should be understood that the fluttering of 
the valve occurs to this extent only if no means have been provided 
for damping it, and that the heavier the valve the more energy the 
damping consumes. In Fig. 3 the valve is shown to close late. 





756 RECIPROCATING BLAST-FURNACE BLOWING ENGINE 


Practically all automatic lift valves close late, depending upon rota- 
tive speed of engine, lift of valve and spring loading. The lower 
the rotative speed and the valve lift and the greater the spring loa: 
closing the valve, the nearer the valve is to the seat in the dead 
center position of the crank. Tests and calculations show that in 
ordinary American blowing-engine practice the valves close so near 
the dead center that for all practical purposes they may be considere: 
as closing “on time” and without the injurious effects of late closing, 
namely, slipping back of air and hammering of valve. 

8 The behavior of the outlet valves is similar to that of the 
inlet valve with two exceptions. First, the valve has to open when 
the piston moves fastest; secondly, the pressure difference on both 
sides of the valve increases rapidly at the dead center. In Fig. 4 the 
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Fic. 3 Acruat Motion or Heavy, Non-CusuHionep INLET VALVEs (TIME 
Basis) 


ideal and the actual valve-lift curves are shown in connection with an 
indicator card on a displacement basis. The slower the rotative 
speed of the engine, the lighter the valve and the smaller its lift, 
the more perfect is the approximation to the ideal lift curve. High 
rotative speeds, heavy valves and small areas uncovered by the 
valve for a given lift cause the pressure in the cylinder to rise con- 
siderably over that existing in the blast space and store up con- 
siderable amounts of kinetic energy in the valve which must be 
taken care of by a cushioning device; otherwise fluttering or ham- 
mering results. As already stated, the pressure drops rapidly under 
the valve immediately after the crank has passed the dead center, 
and particular care must be taken to have the valve close promptly 
in order to avoid hammering. 

9 Throttling loss through valves involves two factors: loss 
of velocity head and surface friction. The vast majority of valves 
are so designed that surface friction, such as occurs in long pipes 
or ducts, is practically absent. For this reason, losses due to velocity 
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ad only will be investigated here. Fig. 5 gives the throttling 

.s for various piston speeds and for various ratios of valve area 

, piston area. In this chart, valve area does not mean the so- 
called free valve area which is a rather imaginary or conventional 
uantity, but it means the area actually offered to the air-flow at 
the narrowest place of the valve. It is assumed that the valve has 
harmonic motion and that the coefficient of discharge is 70 per cent. 
Fur a number of valves this latter figure was found to agree most 
closely with tests. 
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Fic. 4 Acruat Motion or OuTLeT VALVES (DISPLACEMENT Basis) 


10 It will be observed that for a piston speed of 300 ft. per 
min., Which up to a few years ago was standard in this country, and 
for inlet areas of 12 per cent, outlet areas of 9 per cent, the pressure 
drop due to throttling is a negligible quantity compared with the 
mean effective pressure (say 11 lb. per sq. in.) of the air card. 

11 With a stroke of 60 in., so common for blowing engines, a 
piston speed of 300 ft. per min. means 30 r.p.m. At this low rotative 
speed the spring loading required to close the valves on time is so 
small that the inlet and outlet areas of 12 and 9 per cent can be 
realized. 

12 Further penetration into theory would be out of place here. 
A better idea of the evolution of the modern blast-furnace blowing 
engine may be gained by the study of standard types. Fig. 6 illus- 
trates a design which for the last 15 years has been very popular in 
the United States. The inlet valve is mechanically operated through- 
out and is a balanced piston valve. Mechanical operation of valves 
has been practised for over 20 years and avoids many of the troubles 
incidental to an improperly designed automatic valve. No fluttering 
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based upon harmonic motion of valve,Jb. per sq. in. 


700 
Mean piston speed of engine, ft. per min. 


Pressure drop between atmosphere and blowing cylinder 


(a) INLET VALVES 
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Fig. 5 Pressure Loss In BLow1ING-ENGINE VALVES DUE TO VELOcITY HEAD 
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or chattering can occur, a full port opening may be obtained and the 
valve may be made to open and close even more rapidly than is 
required by the ideal sine curve. The breaking of a mechanically 
operated slide valve is also highly improbable and great reliability 
therefore results. The outlet valve is a cup, opening automatically 
by air pressure and closing by mechanical means. The cup cushions 
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Fic. 6 Vatve GEAR BUILT BY ALLIS CoMPANY 


without springs against the movable plug, so that fluttering or 
chattering is impossible; it is fairly light and at rated speed 
opens with small throttling loss. If the valve gear is properly 
adjusted, the outlet valve closes at the right time, so that hammering, 
due to late closing, cannot occur. The number of valves to be looked 
after is small because a few large, light-lift valves are employed, 
usually two inlet valves and two or three outlet valves. The valve 
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gear pins are made so large that very little wear can occur. This 
precaution keeps the valve gear in correct adjustment. 

13 The principles underlying this design are very sound, and 
its success is well deserved. With engines of 60-in. stroke it is at 
its best with speeds between 30 and 40 r.p.m. The builders do not 
recommend it for speeds exceeding 50 r.p.m. At that speed the 
pressure in the cylinder at.the end of the suction stroke is 4 lb. per 
sq. in. below that of the atmosphere. 

14 A very similar valve gear is illustrated in Fig. 7. Here the 
inlet valve is double-ported for the purpose of quick opening 
and closing. The outlet valve cushions in opening against a station- 
































Fig. 7 VAtve GEAR BUILT BY Wm. Top Company 


ary plunger and is mechanically closed by a central pusher. In 
design it is similar to Fig. 6. 

15 The fact that two valve gears of such close resemblance, 
and built by competing firms, could have been patented independ- 
ently indicates that the valve gear must have good features. It 
would also seem probable that it was originated in one place and 
copied in another. As a matter of fact, the outlet valve originated 
in one concern, the inlet valve in another, and by mutual borrowing 
two good valve gears were produced. - 
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16 These two valve gears as well as others of standard American 
iesign employ mechanically operated, or positively driven, inlet 
valves. As long as the clearance volume of the engine is small, 
nechanical operation of the inlet valve is scientifically correct, 
ecause the opening and closing points of the valve (Fig. 8) remain 
practically fixed in spite of variations of blast pressure. Matters 
are quite different with the outlet valve. Its correct opening point 
‘aries with the blast pressure and losses occur, as indicated in Fig. 
5, if the valve opens at a fixed point and if the blast pressure differs 
‘rom the one for which the engine was designed. Julian Kennedy, of 
Pittsburg, reasoned, however, that the gain in reliability by the use 
if mechanically operated outlet valves would easily offset these 
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Fig. 8 Loss CAUSED BY MECHANICALLY OPERATED OvTLEeT VALVES 


losses and that the “work on the engine, due to advance opening 
of the valve, is probably not in excess of the work required in the 
case of a poppet valve due to the crowding of the pressure above 
the receiver pressure due to the opening of the valve.” Fig. 9 shows 
his design and Fig. 10 indicator cards taken from an engine of this 
type. It will be noted that inlet and outlet valves are balanced piston 
valves. The piston which is not shown in Fig. 9 is scalloped out to 
fit around the valves with a view to reducing clearance volume. 
The outlet valve opens when a pressure of 74 lb. has been reached 
in the cylinder. From that point to the reaching of the blast pressure 
(Fig. 10) the indicator card is a combination of compression and 
air discharge from the receiver back into the cylinder. An inspection 
of the indicator card with regard to smallness of lost work shows 
that Mr. Kennedy is right. The engines built on this principle are 
outwardly quite successful, and no repairs have been necessary on 
engines now in operation for over seven years. 

17 It is somewhat surprising that a valve gear which positively 
opens large areas, avoids valve fluttering and prevents slip by timely 
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closing of valves should have been limited to less than two dozen 
yvines. The author believes that the following reasons may have 
ontributed in preventing a more general adoption of the system: 
the large number of pins, rods and levers create the impression 
' complication; (6) large relief valves must be provided to prevent 
ecking of the engine in case of accident to the valve gear; and 
the slower the speed of the engine, the greater the work required 
er stroke due to the pre-opening of the outlet valve. Below a certain 
wed, if the engine is run with wide-open throttle on the governor, 

« peculiar tendency to hunt is the result. 

18 Among the means employed to prevent fluttering of lift 
ives the dash pot has always played a prominent part. Fig. 11 
ws a typical outlet valve in connection with a dash pot or cush- 

ioning chamber. Regulating valves or pet cocks are placed above 











1 in.represents 20 Ib.sq.in.on original card 
Dia.of cylinder 96 in. 
Stroke of engine 66 in. 
32 r.p.m. 


Fie. 10 Inpicator CARD TAKEN FROM ENGINE SHOWN IN Fa. 9 


and below the cushioning piston to provide for any desired or 
necessary degree of sluggishness. This type of valve has been used 
by several engine builders. 

; 19 Fig. 12 shows a design employing the outlet valve described 
in Par. 18. As usual the inlet valve is mechanically operated. It 
is of the rocking valve type and is so arranged that clearance volume 
is kept down to a small value. The power required for operating the 
inlet valve is quite small, because the latter moves very little when it 
is unbalanced. When this type of valve was first used by the present 
builders about ten years ago, the author expressed the opinion that 
the valves would be very short lived, owing to wear by the dust laden 
atmosphere of furnace plants. Actual experience, however, has 
proved that these valves do very well and that the wear is small. 
Free inlet areas amounting to 114 per cent of the piston area can 
easily be obtained by this valve and a greater per cent be secured 
by a slight increase in the clearance volume. The area through the 
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holes under the outlet valve discs is 164 per cent of the piston area. 
To utilize this area to the fullest’ extent the outlet valves would have 
to lift 34 in. For reasons which, ‘will be explained, a lift of this size is 
impractical, except for low rotative speeds, when it is of course 
not needed, so that in practice a lift of only 2} in. is used, cutting the 
available outlet area down to 11 per cent of the piston area. A large 
number of blowing engines with this valve gear are in successfy] 
operation both in the United States and in Canada. 

20 What may be termed the most original of all blowing-engine 
valve gears is shown in Fig. 13. Inlet and outlet valves are of the 
gridiron type of 1} in. stroke. The inlet is controlled by a cam 
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acting in pair closure and the outlet valve is pulled open by the 
piston of an actuating cylinder. One side of the piston is open to 
- atmosphere, the other side to the blowing cylinder. As compression 
proceeds in the latter, the friction holding the valve in position 
becomes less, and the force tending to displace it grows. The actu- 
ating cylinder is so proportioned that for a given speed of engine, 
for a given blast pressure and for a given method of lubrication, 
the valve opens at the correct instant. The kinetic energy of the 
moving valve is dissipated in a cam-operated dash pot which closes 
the valve at the dead center of the engine. 
21 . Fluttering of valves is most successfully avoided, large areas 
for inlet (14 per cent of piston area) and for outlet (11 per cent) can 
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be obtained, and the power requirements are small. Ten and twelve 
years ago this type of valve gear (Fig. 15) was very popular in the 
United States and several engines of this type have been built in 
England and Belgium, but comparatively few have been constructed 
in recent years. It is not easy to determine the reason for the rise 
and fall of popularity in blowing-engine valve gears, but the following 


Fig. 13a SEcTION THROUGH THE SOUTHWARK VALVE GEAR 


statements may throw light upon the subject. In several furnace 
plants the wear of the gridiron valves caused leakage losses so that 
replaning of the valve seats became necessary.! 

The air cylinder needs large relief valves to prevent injury to the 
engine in case of accident to the valve gear. Owing to the fact that 
at slow speeds the outlet valve opens much too early, more work 
is done per stroke at low speeds than at high speeds, even more 
than that done in the design of Fig. 9, and serious hunting occurs, 
when the engine is run on the governor with throttle wide open. 


1 Since this paper was read the author has been advised by the builders that 
~ oe ty sme in question aluminum valves were used which imbedded dust and 
ound out the valve seat. Where cast iron valves are used, the wear is 

et ly smaller. 
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22 Every one of the valve gears so far described gives most 
satisfactory results at a piston speed of about 300 ft. per min. In 
Par. 2 the fact has been mentioned that the insistent demand for 
lower first costs requires higher piston speeds, not only temporarily 
in emergency cases, but continuously. Naturally, the experiment 

' running the standard types of valve gears at higher speeds was 
|. Comparatively little trouble was experienced with the mechan- 
ly operated inlet valves, except that in some of the designs the 

hrottling loss is much greater than might be expected from Fig. 5. 

This is due to the passing of the air around corners in the valves, 
vhile it is flowing at high speed (see Fig. 6 and Fig. 7). Since it is 
sasy to observe the inlet throttling loss on an indicator card by 

wing the atmospheric line, it attracted attention and was probably 


Fic. 13b View or SouTHWARK CYLINDER HEAD 


given undue prominence. Phrases such as “small volumetric 
efficiency,” and “inability to fill the cylinder” were often heard. 
The much greater, but invisible, loss of volumetric efficiency, due to 
heat interchange between air and cylinder walls, was hardly ever 
mentioned in this connection. 

23 Thus the “standard” valve gears gave at 600 ft. per min. 
throttling losses ranging from 0.4 to 1 lb. per sq. in., and engineers 
were trying to increase inlet valve areas up to 20 per cent or more. 
At the discharge end serious troubles occurred with increase of 
speed. In the designs of Fig. 6 and Fig. 7 rapid wear of the valve 
seat and hammering of the valves occur. Whether this is due to a 
throwing of the valve against its seat by the plunger or to other 
causes is not certain. 
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24 In the design shown in Fig. 12, quietness of operation can 
always be enforced, even at the highest speeds, but the spring 
loading on the valve must be increased and its lift in the dash pot 
must be reduced. Considerable throttling loss is then encountered. 
All designs using large, heavy, high-lift valves experience in com- 
mon an excessive hump on the card at the time of the opening of 
the discharge valve, because it takes too long to provide the necessary 
area for discharge. The type shown in Fig. 13 is free from this evi! 
provided very large actuating cylinders are used, but their size only 
accentuates the trouble in regulation mentioned above. 

25 If the American standard valve gears are used for 600 fi, 
per min. piston speed or above, inlet throttling losses of 3 to 6 per 
cent of the ideal blowing work occur, and outlet throttling losses of 
7 to 12 per cent of the ideal blowing work occur. Besides, power for 
mechanical operation of valves increases, and other troubles of wear, 
breakage, or regulation appear depending upon the valve gear. 

26 One of the first men to judge the situation correctly was 
E. E. Slick of Pittsburg. He realized that large areas are necessary 
and that the periphery of the cylinder may be used for obtaining 
area, if the cylinder head does not suffice. Attempts to use the 
periphery are old, but all of them introduced additional clearance 
volume. The design of Mr. Slick is free from this fault. Figs. 14 
and 15 illustrate Mr. Slick’s engine as built by two different firms. 
The cylinder proper or tub is made movable and serves as a mechan- 
ically operated inlet valve. Unobstructed inlet areas of 18 to 20 per 
cent are easily obtainable and practically without clearance space. 
The outlet valves in Fig. 14 are a modified form of the type shown 
in Fig. 6 except that the number of valves has been doubled. The 
outlet valves of Fig. 15 are also an invention of Mr. Slick. They are 
flexible plates and open against a curved guard. Here, too, large 
valve areas can be obtained and what is very important, they can be 
obtained with small valve lift. 

27 For piston speeds up to 600 ft. per min. and for rotative 
speeds up to 65 r.p.m., the Slick tub has been very successful. The 
design has been severely criticized as “ wagging the dog and holding 
the tail still” and the author confesses that he felt the same way 
when he saw the first Slick compressor more than ten years ago at 
the Edgar Thompson Steel Works, but the ingenuity of the design is 
forcibly impressed upon anybody who attempts to produce the same 
combination of large areas and small clearance space in some other 
way. If 65 r.p.m. are exceeded with this type, trouble begins. The 
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inertia forces of the heavy cylinder are hard to take care of and heat 
the eccentric which moves the cylinder. 

28 In the design of Fig. 14, wearing of valves and seats and 
hammering of the valves occur. In the design of Fig. 15, the valves 
break. They are not protected against lateral wind currents which 
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exert a tearing action; furthermore the valves close late, and there- 
fore with a slap, because no closing spring is provided beyond the 
elasticity of the valve plate itself. 

29 Another engineer who realized that the standard valve gears 
will not do for piston speeds of 600 ft. per min. is George Mesta of 
Pittsburg. Fig. 16 illustrates the manner in which he obtained large 
inlet and outlet areas and enforced quiet operation of valves. Rock- 


! The engineers of the Snow Steam Pump Company, who also build blowing 
engines on the basis of Slick pain advise the author that their firm makes the 
valve seat of Fig. 15b slightly curved, so that the plane valve rests against the 
seat with an initial tension. * The result is that higher speeds can be attained 
without breaking of valves. 
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ing valves, two for each head, control both inlet and outlet; thie 
inlet passes at the side of each valve, the outlet through the center 
of the valve. Automatic cup outlet valves are located beyond the 
rocking valves and are protected against the return closing slam by 
the mechanical closing of the rocking valves. This latter design his 
been used on vacuum pumps and compressors for over 20 years. lis 
adaptation to high-speed blowing-engine practice required doubling 
the valve equipment for the purpose of obtaining large areas without 
excessive diameter of rocking valve. The pot outlet valve is cusli- 
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ioned very little and is loaded lightly so as to fly out of the road of 

the blast without fluttering. 

30 In Fig. 17 two indicator cards taken from an engine of this 
type are reproduced. It will be noticed that in spite of the large 
inlet valve area, 18 per cent, some throttling appears at 70 r.p.m., 
700 ft. per min. piston speed. The pressure line in the blast-receiver 
space has been entered, so that an idea may be gained of the outlet- 
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throttling loss. Actually the loss is slightly greater than here shown, 
because calibration of the indicators revealed the fact that their 
scales were not quite alike. 

31 The design of Fig. 16 has been very successful and has been 
used up to 820 ft. per min. piston speed, 82 r.p.m. with 60 in. stroke. 
With the exercise of care in finishing the large rocking valves and 
their seats the resistance of these valves consumes less than 2 per 
cent of the ideal blowing work (air card). The principal drawback 
of this type of engine probably lies in its cost and in the oil consump- 
tion of the rocking valves. 
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32 In Europe the high-speed blowing engine is an accomplished 
fact. There the problem has been attacked along altogether different 
lines. European engineers long since realized that the harmful 
kinetic energy stored up in a valve is proportional to its mass and to 
its travel, and that, therefore, both should be cut down. This 
fact in itself is not new to American engineers. The Weimer blowing 
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engine (Fig. 18) which can look back upon a respectable number 
of decades, has tried hard to embody the principle of small mass 
and low lift. It has failed by sticking to the use of leather which is 
:suited to high pressures’. Fifteen years ago Mr. Mansfield de- 
siened a blowing engine for Leetonia, O., in which he used a great 
imber of light, low-lift strips. The engine failed, not on account of 

e valves, but because it was “weak in the knees.” Mr. Slick (see 
ig. 15) introduced light low-lift valves. But these attempts cannot 
ipare with the sweeping success on the other side of the Atlantic. 

33 Out of the mass of European designs, two stand out con- 
spicuously, the Hoerbiger (Fig. 19) and the Borsig (Fig. 20). As 
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Fig. 17 Inprcator CARDS TAKEN FROM ENGINE SHOWN IN Fic. 16 


70 r. p.m. 


will be noticed, these valves are of the automatic, multi-ported, 
low-lift type. They are guided without friction by elastic deforma- 
tion of part of the valve. To get enough valve area, the cylinder 
head must be extended considerably beyond the piston diameter 
(Fig. 21), or a valve belt must be used and the clearance corre- 
spondingly increased. It should be noted that there is no novelty 
in the valve belt as such. It was used 20 years ago, both in this 
country and abroad, and was temporarily abandoned because no 
satisfactory automatic valve existed. 


34 European engineers do not hesitate to use large clearance 

! Since this paper was written the author has been informed by Mr. Weimer 

that his company has been using low-lift aluminum valves for the outlet for about 

ten years and that they are quite successful for speeds up to 60 r.p.m. However, 

the grinding of the valves is not free from uncertain friction. This fact undoubt- 
edly limits the rotative speed of the engine. 
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Fie. 19 Mutti-Portep PLATE VALVE (HoERBIGER-ROGLER) 
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spaces if by doing so other advantages can be gained, and they 
meet with success. Matters are different in this country. Clearance 
in a blowing engine seems to be an eyesore to the American furnace 
man. The influence of this much abused clearance space can be 
summed up in a few words. 

a Clearance volume increases the necessary size of blowing 
tub for a given weight of air to be pumped per stroke. 

b The larger size of blowing tub results in a small increase 
of friction work and, therefore, in a larger size of power 
cylinder. 

c The influence of the increased heat-exchanging surface 
on the true volumetric efficiency is small. 

35 On the other hand, clearance allows the use of very large 
valve areas, which fact decreases throttling work and causes better 
filling of the air cylinder and also allows higher piston speeds, or in 
other words, a smaller and cheaper engine. The higher piston 
speed makes possible the use of a more efficient prime mover, namely, 
the gas engine. When the truth of this is realized, recognition 
of the merits of the modern European high-speed blower should 
present no difficulties. The plate valves are so light in weight 
and the spring load can be made so small that for the greater part 
of their working time the valves rest against the guard or stop; 
this fact, of course, greatly reduces fluttering. Furthermore, there 
are no wearing parts and, therefore, no sliding surfaces nor sticking 
or binding from gummed and dusty oil. The low lift does not allow 
the valve to acquire destructive velocity in closing. If a sufficient 
number of valves are used the pressure loss through the valves is 
small and the filling of the cylinder is most perfect. The life of the 
valves is long, provided that they are made of the proper high-grade 
steel and that the spring loading is properly proportioned. If a 
valve should break, it can easily be replaced because the valves are 
light; besides the inlet and outlet valves are alike, so that only a 
few valves need be carried in stock. 

36 To engineers who are accustomed to standard American 
practice some of the foregoing statements will appear too good to 
be true and will require proof. Fig. 22 shows an indicator card 
taken from a Borsig blowing engine in Differdingen. Fig. 23 shows 
two cards taken at 55 and 82r.p.m. from a blower with Hoerbiger- 
Rogler valves in Rombach. This latter card shows the blast 
pressure in the main just outside the valves, and allows the compu- 
tation of the valve losses. In Fig. 24 these losses have been plotted 
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in per cent of the ideal blowing-engine work against piston speed 

In the same illustration are shown the valve losses from the Differ- 
dingen-Borsig blower computed from detail drawings, and for 
comparison, the valve losses of a Mesta high-speed blower using cup 
valves, the results of actual test, are given. The calculation of the 
Borsig valve losses was based upon the test of the Mesta engine, 
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that is to say, the method of figuring valve lifts and losses was checked 
by a test and the coefficient of discharge was thereby determined. 
The discrepancy between inlet and outlet losses on the Hoerbiger- 
Rogler and Borsig valves is entirely due to the respective number 
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of valves employed. It will be observed that the plate valves show 
a very much smaller loss than the cup valves, although the cup 
valve area is very much larger than standard American practice. 
Comparison is invited between the engine (Fig. 16) whose discharge 
valve losses are represented by the chart, and between the engine 
shown in Fig. 14. The former engine has an 84-in. cylinder bore 
and ten cup valves of 12-in. diameter. The latter engine has an 
80-in. cylinder bore and four cup valves of 18-in. diameter. Since 
the area exposed per unit lift, say 1-in. lift, counts in a discharge 
valve, it will be noticed that our American high-speed blowing 
engines are apparently somewhat inferior to the European type 


Fie. 25 Mouuti-Portep Puate Vatves (MeEsra) 


37 With regard to the life of these valves, statements of Euro- 
pean builders are interesting. Borsig asserts that in several engines 
there has not been a single broken valve in spite of continuous high- 
speed operation, and that in places where valves have broken, this 
fact could invariably be traced to bad material. Haniel and Lueg, 
builders of blowers with Hoerbiger-Rogler valves, make exactly 
the same statement. Particular emphasis is placed upon the almost 
silent operation of these valves, both by users and builders. No 
separate cushioning means are employed except that in the Hoer- 
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biger-Rogler valve an elastic plate softens the impact of the opening 
stroke before the valve strikes the guard. This cushioning alone 
does not suffice, but another circumstance comes in helpfully. 
Thin films of oil coat the valve plate, cushion plate and guard. 
The squeezing of the air and oil between these plates provides a 
sullicient cushion to prevent injury to the valve. 

38 The author has taken particular pains to secure data on 
the behavior of valves. Unfortunately, it was impossible to secure 
such data on the Borsig and Hoerbiger valves with the exception 
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of the indicator cards, Figs. 22 and 23, which, however, are only 
circumstantial evidence. The author considers himself fortunate 
in having secured valve behavior diagrams from an experimental 
engine of the Mesta Machine Company, which has lately begun a 
series of systematic experiments on a plate valve patterned after 
those of Hoerbiger and Borsig. This valve, designed by L. Iversen, 
is intended to equal, or if possible, even surpass the European 
valves. It will be noted (Fig. 25) that it is guided without friction 
by a volute spring, flies up against a cushioned guard and is in all 
respects similar to the above described European valves. Valve 
motion curves taken from this valve may, therefore, be regarded 
as indicative of the whole type. 


39 In Fig. 26 the diagrams of the inlet valves are given, and 
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in Fig. 27 the diagrams of the discharge valve. A standard blowing- 
engine valve was used, which meant in this case that the valve area 
was larger than necessary. The result is that the inlet valve flutters 
somewhat at low rotative speeds and that the discharge valve lifts 
very little. Besides, the spring load was too great. Allowing for 
these departures from correct conditions, the curves present enough 
interesting features. Turning to Fig. 26, it will be noticed that the 
time of vibration of the valve is practically constant, so that at the 
high speed the valve has not time to perform a great number of 
these vibrations per engine stroke; in fact, only one small vibration 
during lifting and one small vibration during closing occur. At most 
speeds the valve is closed on the dead center, only at the very highest 
speeds it rebounds and closes a trifle late. This rebound appears 
to be caused by a sort of compression wave under the valve, or 
rarefaction wave above the valve so that the rebound is not neces- 
sarily caused by elastic compression of the valve seat. The velocity 
with which the valve strikes the seat can be determined approxi- 
mately from the diagrams by the tangent method. 
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40 From the sound of closing of these valves, the author judged 
that their velocity of striking must be very much less than those of 
cup valves in the designs of Figs. 5 and 6. For this reason he was 
surprised to find from the diagrams (Fig. 26) that the velocity is 
quite high enough to call for very good material, such as alloy 
steel. This would be exactly in line with the experience of the 
German builders who state that unqualified success in these valves 
is not only a matter of design but just as much a matter of good 
material. 

41 From Fig. 27 it will be observed that the outlet valve is 
reflected by the cushion plate and is thrown back into the air current, 
where it duly performs its vibration. At several speeds it closes 
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late. The air cards, however, show no signs of slip. In spite of the 
slight delay, the outlet valves close very quietly, as is proved by 
sound and by the rounding of the diagram at the closing point. 
The vibrations of this type of valve are of so short a duration that 
the air in blast mains does not set up synchronous vibrations. The 
tests on this valve have not yet been finished. 

{2 From a study of the various types of valves and valve 
gears, it appears that at the present time the low-lift, alloy steel 
plate valve promises to become the siandard valve for high-speed 
blowing engines, because (a) there is no wear or binding or sticking; 


Fic. 29. BLowinG ENGINE witH AIR TANK ON CYLINDER 


(b) no lubrication is required; (c) it causes very small throttling 
losses; (d) it can be used for the highest speeds; (e) it is inexpensive; 
(j) it does away with mechanical gearing, oiling and adjustment. 


43 No matter with what valves a reciprocating blower is 
equipped, its delivery remains discontinuous, that is, it delivers 
air impulses comparable to a constant delivery, over which is super- 
posed a wave motion or vibration (Fig. 28). If the blower discharges 
directly into the blast main, then vibrations are transmitted with 
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undiminished strength and shake the whole line. In steam-engine 
practice this evil was long ago cured by placing a large steam 
or water separator near the engine, and so convinced are we of the 
necessity of this separator that we install it also on lines carrying 
superheated steam, ostensibly for the purpose of dropping out 
moisture which is not there, but really to damp the vibrations of the 
pipe line. If a similar request is made of a furnace man for tlie 
air line, a great deal of resistance is encountered. The author knows 
of only one furnace plant in this country where a large tank or 
equalizer was installed for each blowing engine. The pipe linos 
thus connected are practically free from vibration. 

44 In Europe a similar resistance is probably offered by furnace 
men; at least it would appear so from the fact that modern higli- 
speed reciprocating blowers are equipped by the builders with 
large tanks resting on the backs of the cylinders, thus permitting 
the furnace man to retain his long cherished ideas of pipe-line design 
(see Fig. 29). The results must be satisfactory, if comparison is 
made with the American plant in which tanks are used. 

45 Summing up, we find that the reciprocating blower has in 
the last decade made wonderful. strides towards becoming a suc- 
cessful high-speed machine. While the increase of piston speed 
was started by the gas engine as a matter of necessity, it has also 
benefited the steam-driven blowing engine, and isolated furnace 
plants can now work with two air cylinders instead of three, 
because one will successfully blow a furnace in case of emergency, 
or else three smaller units may be used. 

46 The combination of the high-speed reciprocating blower 
with the blast-furnace gas engine makes the use of the latter profit- 
able even in the Pittsburg district where coal is cheap. The latest 
group of furnaces in this region has been equipped with slow-speed 
reciprocating steam-driven blowers. If a high-speed gas-driven 
blower had been on the market, the result would probably have 
been different, because then the first cost of the more efficient gas 
engine would have been lower. 

47 A gas-driven blowing engine with 800 to 900 ft. per min. 
piston speed and high rotative speed will be the most formidable 
competitor of the turbo-blower, if European experience may be 
taken as a guide. There are engineers in this country who have 
already carried into practice higher piston speed for gas engines 
for electric power, and interesting developments in this line of work 
may be expected in the next five years. 
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rHE INFLUENCE OF CLEARANCE (VOLUME AND SURFACE) 
IN BLOWING ENGINES 


48 The influence of clearance is fourfold: 

(a) The high-pressure air imprisoned in the clearance space re-expands and 
prevents the entering of atmospheric air until the pressure in the clearance 
space has dropped down to atmosphere. 

(b) The surface of the clearance space is heated by the compression, gives 
up heat to the incoming atmospheric air and thereby reduces the weight 
of air taken in per stroke. 
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. 30 INFLUENCE or VoLUME or CLEARANCE Space Upon Piston 
DISPLACEMENT OF BLOWING ENGINES 


The two foregoing actions require a larger cylinder than would be required 
without clearance space or surface for delivery of a given quantity of air 
per stroke. The larger cylinder means heavier piston and rod, larger 
valves; briefly, a more expensive machine for unit weight of air taken in 
per stroke. 

The larger parts cause a loss by friction and this fact calls for an increase 
in the size of the power cylinder, steam or gas. 
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49 The enlarging of the air cylinder due to the action described under the first 
heading, re-expansion, can be mathematically determined. The results of such a 
calculation are plotted in Fig. 30. Since 15 lb. per sq. in. represents the average blast 
pressure, approximately 1 per cent of increase of cylinder diameter will be necessary 
for every 3 per cent increase of clearance volume. 

50 The influence of clearance surface on weight entering per stroke cannot be 
mathematically treated, at least not by any formula simple enough for practical use. 
It should be noted that this harmful surface is present even if the clearance volume 
is reduced to zero. The lack of knowledge of the influence of the heating surface 
offers the most assailable point to the opponents of the reciprocating blower. Tests 
are therefore needed, and the author believes that on an engine with tight valves a 
thermometer in the intake pipe, a thermometer in the outlet immediately beyond he 
valves and an indicator will give a very good idea. From the temperature of the outtlet 
and the shape of the indicator card, the temperature at the beginning of the compression 
can be computed. Comparison of the valve thus obtained with the reading of the 














Fic. 32 THEroreTICcCAL INDICATOR CARD SHOWING EFFEcT or CLEARANCE 


thermometer in the intake pipe gives the influence of the walls. From figures on the 
number of revolutions per pound of coke delivered to the blast furnace and from 
other data furnished the author by Julian Kennedy of Pittsburg, it appears that the 
influence of these walls on large size engines is quite small indeed, but no definite 
conclusions can be drawn, because the reactions in the blast furnace vary. 

51 The author was particularly interested in variations of volumetric efficiency 
caused by variations of surface of clearance space. To obtain data on this point, a 
small 8-in. by 8-in. compressor at the Carnegie Technical Schools was so equipped 
that its clearance surface could be varied, leaving the clearance volume constant. 
The quantity of air passing through the compressor was measured by a positive air 
and water tank displacement meter. Fig. 31 proves that the influence of extra surface 
is indeed very small, so small as to be of no practical influence in blowing-engine 
practice. This is reasonable since during the suction stroke the incoming air is ex- 
posed to heating by the cylinder head, the piston and approximately one-half of the 
cylinder barrel in a machine without clearance, and compared to this enormous sur- 
face the extra walls of ordinary clearance spaces are small. Besides, heat transmission 
decreases with diminishing temperature difference, and after the air has been heated 
a certain amount, further temperature rise becomes sluggish. 
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52 It should be noted that in this test conditions were purposely made unfavorable 
The surface was large compared to the volume; the extra surface was arranged in 
the current of the air; no radiation from these surfaces to the outside air could take 
place, and the compression was higher than usual in blowing engines. In view of 
these facts the statement that the influence of the walls of extra clearance space in 
blowing engines is negligible will appear justifiable. 


58 A brief consideration of (c) shows that it is not so serious as might appear 
at first glance. The larger cylinder is imaginary, because if clearance is enlarged for 
the purpose of increasing the valve area with a view to allowing higher piston speed 
the actual cylinder volume per unit quantity of air pumped is much reduced. 

54 If, for instance, the rotative speed of an engine is doubled, the ideal cylinde1 
volume per unit weight of air delivered is cut in two; if the clearance is increased a 
few per cent to accommodate larger valves, the new unit cylinder volume will probably 
be 52 to 54 per cent of the original one, so that in spite of the theoretical increase of 
volume, a practical reduction, which is very material, results. 

55 ‘The friction loss mentioned under the fourth heading exists in reality and 
would doom clearance space, if no compensating benefit existed. The magnitude of 
the friction loss might be determined by tests, but in the absence of tests that cover a 
sufficient range, the following reasoning is suggested: The mechanical efficiency of 
blowing engines varies from 85 to 92 per cent, that is to say, the indicated air work is 
85 to 92 per cent of the indicated steam work. In order to cover all contingencies, the 
calculation should be based upon the engine with greatest friction work, that is to 
say, an engine with 85 per cent mechanical efficiency; the latter figure is equivalent 
to the statement that 17.6 per cent of the indicated air work is friction loss. Let this 
figure be correct for an engine without clearance. Then the friction work in an engine 
with clearance will be greater principally for two reasons: 


(a) If the stroke remains the same, the forces will be greater in the ratio of 


a (see Fig. 32). Since the diameters of crank pin and of shaft in main 


bearing are nearly proportional to m the friction path is larger in ratio 


Lt for the machine with clearance. The work lost by friction will 


l 
therefore be proportional to ; ee 


Piston area grows proportional to + and the piston thickness grows 


proportional to +. so that the piston weight which produces friction 


grows with 1+}"*. These figures are based on equal strokes for 


machines with and without clearance. Friction work from this source, 


therefore, is also proportional to iT es 


56 Other friction losses, for instance those caused by crosshead sliding, flywheel 
windage and others, are not proportional to ; i but they certainly do not 


exceed that ratio. 
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57 As a first approximation the friction loss may, therefore, be taken as propor- 


ai tot L | (see Fig. $2). On the basis of a mechanical efficiency of 85 per cent 


i 
the no-clearance machine, the additional friction work due to clearance volume 


; been plotted in Fig. 33. It will immediately be recognized that an increase of 


ance volume from 2 per cent to 6 or 8 per cent means a very small loss, a loss that 
d not be considered, if other more important features can be gained. The most 


important feature is a smaller and cheaper engine. In steam-driven units this in itself 


col 


mit 


Additional friction lo 


: gain from the standpoint of the purchaser, provided that $ or 4 per cent in fuel 


sumption makes no difference. In gas-engine blowers great fuel economies are 
le possible, as stated in the main paper. 
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. 33. ApprrionaL Friction Loss Dug To CLEARANCE IN BLOWING 
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POWER FORGING, WITH SPECIAL REFERENCE 
TO STEAM-HYDRAULIC FORGING PRESSES 


By BartTHotp GerDAvu and GreorGce MesTa 
ABSTRACT OF PAPER 


Various methods of producing forgings by power are discussed. Comparison 
is made between forgings produced by hammers and by presses with regard to 
quality. The particular fields for power hammers and presses are outlined. The 
effect of the blow of a hammer and the consumption of steam per working stroke 
are computed. The various types of presses are discussed with a view of deter- 
mining their steam consumption under equal conditions. The computation of 
the steam consumption is carried out. The most interesting features of various 
steam-hydraulic presses are illustrated. 





POWER FORGING, WITH SPECIAL REFERENCE 
TO STEAM-HYDRAULIC FORGING PRESSES 


By BarTHotp Gerpau, Dissetporr, GERMANY 
Non-Member 


Georce Mesta, Pirrspura, Pa. 
Member of the Society 


This paper deals principally with the most modern methods of 
producing forgings, and in order to appreciate these methods it will 
be necessary briefly to review what has been done. 

2 All are acquainted with the fact that the power of the hand 
hammer is not derived from its weight alone, but from weight 
combined with velocity imparted by muscular power during a rela- 
tively long stroke. The same is true of the sledge and of all sorts of 
drop hammers, whether lifted by friction, water power or steam. 

3 The power of drop hammers depends solely upon the mass of 
the hammer and its lift; whereas, in a certain kind of hammer oper- 
ated by steam or compressed air additional power is obtained by 
increasing the acceleration beyond that caused by gravity alone. 

4 While the steam hammer is older than the present generation, 
this can hardly be said of the modern type of forging press, illustrated 
diagrammatically in Fig. 1. A plunger a is forced by hydraulic 
pressure against the forging b, thus exerting a steady pressure 
instead of a blow. All forces are self-contained and no free forces are 
transmitted to the foundation. 

5 In the course of events the forging press began to supplant 
large steam hammers everywhere, whereas the small hammer, 
operated by steam or compressed air, has held its own for small work. 
[n the authors’ opinion, the logical reason for this fact is the follow- 
ing: Small pieces cool quickly and, as a rule, require a finer surface 
finish than is demanded in large forgings. Since the hammer strikes 


Tue American Socrety or MEcHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 


793 





794 POWER FORGING 


a blow, the force of the impact increases as the forging cools, so that 
work is done on the surface of the forging, even when it is quite cool. 
The press, on the other hand, would be powerless to do any work on 
the cold piece, unless the anvil surface was reduced very much. 

6 Thus the hammer will probably always be used for small work 
and for making tools, because tool steel must not be heated as much 
as machinery steel or wrought iron. 
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Fig. 1 SimpLte Type or Forcinc Press 


7 The very features which make the hammer desirable for 
small work make it undesirable for large work. The hammer acts 
upon the surface of the material, driving the surface over the core 
without compressing the latter, as in Fig. 2. The press, on the other 
hand, exerts a continuous pressure, which forces the semi-fluid 
material of the forging to flow under compression, as in Fig. 3, which 
process tends to increase the density of the material. 
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8 It is thus evident that from the standpoint of improving the 
quality of material of forgings, the press is superior to the hammer, 
and it would be considered even more useful if, under equal condi- 
tions, it used less steam than a hammer would consume. 

9 To investigate the comparative steam consumption, a con- 
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crete case will be assumed. Let the dimensions of a hammer with 
live steam above the piston be as follows: 
Weights of falling parts P=5 long tons 
Diameter of steam cylinder =27} in.* 
Stroke of piston =79 in. 
Initial steam pressure= 107 lb. per sq. in. 
Mean effective pressure =71 lb. per sq. in. 
Face area of anvil = 186 sq. in. 
Then we find : 
a Mean effective accelerating force (P;) due to steam pres- 
sure = 
v9 
4 
b Acceleration provided by P and P,= 
(42,000 + 11,200) 32.2 
11,000 
c Velocity (V) of moving parts at end of stroke= 
/2 xX acceleration X stroke =45 ft. per sec. 


d Kinetic energy stored up in moving parts= 
53,200 Ib. x Oe = 350,000 ft-lb. 


X 27.5 X 71 = 42,000 lb. 





= 155 ft. per sec. 





* These dimensions were converted from metric dimensions, which accounts 
for the odd sizes. 
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For hammers of this size and correct temperature of 
forging, it may be assumed that the moving masses are 
brought to rest within a space of 1 in. 

e Basing the retardation of the moving parts upon this dis- 
tance the average retarding force is found to be 2,580,000 
lb., or approximately 1200 long tons. This figure may be 
termed the force of the blow and will be used below for 
comparison with a press. This force was based upon a 
retardation space of 1g in. It would be wrong to assume 
that all of this space is utilized for compressing the forg- 
ing. The elasticity of the foundations absorbs a con- 
siderable amount of the work of the blow. A correct 
mathematical treatise of these losses meets with insur- 
mountable difficulties. From the experience of the 
authors it appears that almost one-third of the work is 
lost in vibrations so that only about 1 in. of useful com- 
pression or deformation of the forging results. 

/ Since it is intended to investigate the relative economy of 
different methods of forging, the steam consumption per 
working stroke of the hammer in question will now be 
computed. Steam is needed for the lifting and for the 
down-stroke. The steam for the up-stroke may be 
figured approximately from the equation that pressure 
multiplied by change of volume equals work done. Thus 
cubic feet of steam required for up-stroke = 


79 
11,2 ——ft-lb. 
, 00X75 t 





=4.8 cu. ft.=1.3 lb. 
ititv.«: 


10 For the down-stroke a cylinder full of steam at 71 |b. per 
sq. in. pressure may be taken, which will be sufficiently close for this 
purpose. Thus the volume of the steam per down-stroke= 


T 
< X 27.5? X79 





=27 cu. ft. =5.4 lb. 
14412 


The steam consumption of one cycle then equals 6.7 lb. 

11 This steam consumption is based upon correct operation of 
the hammer, which, however, is seldom realized if the operator 
neglects to close the throttle at the instant the hammer touches the 
forging, because in that case the pressure in the cylinder may rise to 
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Fig. 4. Stezam-Hypravtic Forcinc Press 
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boiler pressure. If the hammer is used to strike light blows, full 
strokes may be made, using the hammer principally as gravity drop, 
or short strokes may be made with live steam on top. In either case 
the steam consumption per unit of work done is enormously increased. 
The great number of combinations possible forbids giving figures. 

12 Turning to the steam consumption of the press, we find that 
conditions are not so simple. It will be remembered from Fig. 1 that 
the press is operated by water under pressure. The steam consump- 
tion then depends first upon the method of producing the water 
pressure and second upon losses of water pressure between its pro- 
duction and its application to the press plunger. 

13 Before the intended computation can be made, it is evidently 
necessary to review the various types of presses on the market. Two 
general types of presses exist: (a) The so-called purely hydraulic 
presses whose pressure-water is furnished by separate pumping 
engines; (b) the so-called steam-hydraulic presses in which water 
under pressure is generated in a steam intensifier. 

14 The general type mentioned under (a) is best illustrated by 
Fig. 1; the pipe at the top of the cylinder is connected either directly 
or by means of a hydraulic accumulator to a high-pressure pump 
which may be either direct-acting or of the crank flywheel type. 

15 The type mentioned under (b) is shown diagrammatically in 
Fig. 4. The press consists of aheavy base U and four uprights XX, 
supporting the hydraulic and steam cylinders above. S and T are 
the dies, the upper one being carried by the crosshead H. This 
crosshead is moved into position for forging by the use of the steam 
cylinders RR. Pressure for forging is obtained by admission of 
steam into the top of cylinder A, which moves the piston downward 
and forces rod C into the hydraulic cylinder P. This action again 
causes the plunger D to move downward, carrying with it the cross- 
head and the upper die. The effect is that of a steam-actuated 
intensifier. 

16 Hydraulic cylinder P, balancing cylinders FF and about 
one-third of air chamber W are filled with water. Air pressure of 
about 100 lb. is pumped into air chamber W, which is sufficient to 
move piston rod C with its piston to the top of steam cylinder. The 
areas of plunger D and cylinders FF are equal, so that the downward 
force on plunger D, due to the air pressure on the water, is counter- 
balanced by cylinders FF. By opening check valve V in the con- 
nection between air chamber W and 'hydraulic’cylinder P thus, 
allowing water to flow from the hydraulic cylinder to the air chamber, 
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and admitting steam to cylinders RR, the crosshead can be raised to 
any position and similarly it can be lowered. 

17 Referring to type (a) it is found that the pumps commonly 
work against a pressure of 4300 lb. per sq. in. which is maintained 
by an accumulator. Unfortunately, the process of forging does not 
always require all of this pressure, but on the average only about 
50 to 60 per cent of this amount, the remaining 40 to 50 per cent 
being lost in the controlling valve. 

18 It might appear that it would be more economical to let the 
pump work directly against the press without an accumulator and 
even without intermediate controlling valves, but this scheme is 
too ideal to be practical. It has been found necessary to provide 
controlling valves, by-pass valves, throttling governors and other 
means for regulating the speed and power of the press. 

19 Nevertheless, this type of press has one advantage, namely, 
that it can make a continuous full-pressure stroke of the maximum 
length for which the press was built. For this reason this type is most 
advantageous for drawing operations, for instance, the drawing of 
tubes, etc. 

20 Taking up type (b) as illustrated by Fig. 4, it has already 
been mentioned that the pressure is generated by a direct-acting 
intensifier which is similar in its action to a direct-acting pump. 
While at first thought it might appear that the direct-acting intensi- 
fier, which necessarily has to maintain an almost constant steam 
pressure throughout the stroke, would be inferior to a high-class 
compound crank and flywheel pump, experience has taught that 
the opposite is the case, the reason being that the work is inter- 
mittent and requires a continually varying amount of power. 

21 After these explanations we are ready to take up the com- 
putation of the steam consumption of a press for the same work 
which formed the basis for a similar calculation for the steam ham- 
mer. From what has been said it is evident that the type of pump, 
the conditions under which it works, the proper balancing of the 
accumulator pressure with regard to the work and other factors, 
affect the steam consumption. Therefore the following figures 
should be considered only as an attempt to solve the problem. 

22 The effective work of the hammer was 240,000 ft-lb. per 
working stroke. Basing the press on the same work and taking the 
efficiency of the transmission pipe as 90 per cent, the pressure 
drop in pump ports as 10 per cent, and the efficiency of the 
pump as 75 per cent, the work actually to be done in the pump 





800 POWER FORGING 


cylinder is 395,000 ft-lb. Let the pump be driven by a steam 
engine whose steam consumption is 32 lb. per hp-hr. on account 
of the intermittent working; then the steam required for the equiv- 
alent work ‘is 
395,000 x 32 
33,000 x 60 


This shows that the purely hydraulic press is slightly more eco- 
nomical than the steam hammer. 

23 Matters are a great deal simpler for the direct-acting steam- 
hydraulic press. Basing the calculation upon the fact that pressure, 
times change of volume equals work, and assuming a steam pressure 
of 150 1b. per sq. in. gage, we find the necessary volume of steam to be 


240,000 
150 x 144 


For the sake of simplicity friction of pistons has been neglected in 
all cases. This last result is reliable, whereas in the case of the 
purely hydraulic press and in the steam hammer, additional losses 
may occur which cannot very well be considered on account of 
their uncertainty. The excellent economy of the direct-acting 
steam hydraulic press presupposes that no dead volume of clearance 
space has to be filled before the motion of the steam piston against 
its full resistance begins. 

24 The importance of this last sentence is so great that the 
authors take the liberty of repeating it in different words. The 
expression used actually includes three separate facts: (a) The 
steam piston of the intensifier must be in its starting position with 
practically no clearance; (b) the movable anvil must practically 
rest on the piece to be forged; (c) there must be no voids in the 
plunger-and-intensifier cylinder. 

25 These three principles are embodied in the design shown in 
Fig. 4, which, in the authors’ opinion, represents the most practical 
form which this type of press can assume. In this system the 
formation of voids in the water space is impossible, because the 
intensifier plunger floats upon the water at all times; in other words, 
the direction of motion of the intensifier piston and plunger is the 
same, which thus provides a continual force closure. If such force 
closure were absent, and in some types of steam hydraulic presses 
it actually is, there would be no guarantee of a filled water space and 
increase of steam consumption would be the inevitable result. More- 
over, it will be seen from Fig. 4 that the pressure is generated directly 


=6.3 lb. 


=11 cu. ft. or 3.7 lb. of steam 
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in the same cylinder in which it is used, thus avoiding the losses 
which must occur where the intensifier is separated from the press 
itself and the pressure water has to be forced through pipes and 
connections. 











THE MECHANICAL ENGINEER AND PREVEN- 
TION OF ACCIDENTS 


By Jonn Caper, PuBLisHED IN THE JOURNAL FoR Fesruary 1911 
ABSTRACT OF PAPER 


The paper discusses the nature and incidents of industrial injury, its preva- 
lence and high rate, in the United States in particular, and the present general 
desire for better conditions of safety. It analyzes the chief causes of injury 
as revealed from a study by the author of a large number of verified casualties 
and recommends practicable measures calculated to reduce the present numer- 
ous fatalities and injuries. It discusses in particular the important services 
which the mechanical engineer, both as an executive and as a constructor, 
can render in exercising his ingenuity to avoid industrial accident. 

The paper contains a number of practical safeguarding illustrations from the 
field of machine building, equipment installation, transmission plant and espe- 
cially dangerous machines and processes, and concludes with suggestions for 
administrative and remedial precautions. 


DISCUSSION 


F. R. Hutrron. The protection of working people from disaster is 
primarily the job of the mechanical engineer; whether the mechanical 
engineer is regarded as the designer of the individual tool by which 
specific production is carried on, or whether in a larger sense the me- 
chanical engineer is regarded as the designer of the works in which, 
as a tool, production as a whole is carried on. The analysis with 
which Mr. Calder has underlain his discussion presents to you in 
the form in which it has presented itself to me, albeit a little dif- 
ferent from his, the philosophy of the origin of accidents, 

If there is no power in a plant, there will be no accident. The 
aphorism of the wise German philosopher, who said, “Show me a 
man who never made any mistakes, and I will show you a man who 
never did anything,” has its parallel in the safety ficld—show me the 
works in which there are no industrial accidents, and I will show you 
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works in which they nowhere turn a wheel. The mere presence of 
great dynamic power concentrated in a factory, which isso much 
greater than the possible resistance of the strongest human body, 
means that the man exposed to a blow from dynamic power goes under. 
If that dynamic power ever gets beyond control, there is an accident, 
and no thinking, no planning in advance by the mechanical engineer 
can prevent such accidents. It is therefore obvious that the starting 
point of all accidents is the power. And in preparing the scheme 
which is to underlie the exhibit of a well-ordered Museum of Safety,’ 
the starting point, the first class, will be the power plant accidents 
and the prevention of such accidents; the second, the transmissive 
machinery accidents; the third, the accidents at the danger zone of 
the tool, and the fourth, the accidents which happen in the plant 
anywhere independent of the danger zone of the tool. 

When we begin to consider the problems in the danger zone of the 
tool itself, the very magnitude of the field begins to appall. There is 
no limit to the possibility of the dangerous accidents which can happen 
in the danger zone of the tool, if the word tool is used in its widest 
sense. A mine may not be thought of as a tool, but it is. It is an 
apparatus destined and designed for production. Exhibits from the 
American Museum of Safety both emphasize what Mr. Calder has 
said in some directions, and amplify it in others. One of the best 
things Mr. Calder brought out—and he threw it off as if it werea 
mere trifle—was that there is no use of signs. The man who will 
present a sign or symbol for danger which shall be as clearly under- 
stood as the cross is in the religious world will be one of our great 
benefactors. What we want is something that will signify that here 
is a danger point, not specifically saying ‘Look out for death,” but 
here is a place at which danger lurks. 

The United States Steel Corporation have an emphatic sign for 
a death danger in the form of a skull and cross bones. For the danger 
of electricity, they haveaclosed hand, the hand of Jove, with the thun- 
derbolts going in all directions. The difficulty met with in sa many 
places in this country is that no sign whatever, unless given in eight 
languages, is of any use. The sign in English might serve for many, 
but you must repeat it eight times. The skull and cross bones is 
open further to the objection that its effect is so intense that by and 
by it fails to attract attention. The death’s head overdoes it. No- 


1 The American Museum of Safety, 29 West 39th Street, New York, main- 
tained by the Industrial Safety Association. 
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body quite likes to show the red flag, which is up to date the best 
suggestion that has been offered. That unfortunately now has a 
double significance in some parts of the country, and yet, it would be 
a splendid warning note for the purpose: to say “‘ Look out for your- 
selves.” 

Among the accident-preventing devices there are two very inter- 
esting types of what may be called the interlocking system of safe- 
vuarding. The philosophy of that as applied to a punch or press is 
that the operator has to work two levers, one with his right hand and 
the other with his left. He can not operate the machine and have 
his fingers anywhere in the danger zone. Nothing could be better 
than that as an ideal design, from the mechanical engineer’s point of 
view as a safeguard, but it is prohibitive on the economic side. You 
have at once removed the possibility of the operator doing as much in 
an hour as if he had one hand free or both hands free. 

What Mr. Calder has to say about wood-working machinery is 
very much to the point. There is a device offered where the oper- 
ator stands upon a rubber mat, making it reasonably impossible for 
him to fall against the saw. The tale of the man falling against a 
revolving circular saw told by Mr. Calder is no exaggeration. 

Mr. Calder has referred with great emphasis to the difficulty of 
having safety recommendations carried out. The method which has 
been followed in the United States Steel Corporation through its 
various works is to create at the individual works committees of 
safety of the men themselves. Usually, the foreman is the chairman 
of the committee of safety in that department and associated with 
him are those in the group of workmen themselves whose business it 
it to see that everybody keeps his safety devices about the plant in 
condition and in use. It makes the men themselves responsible for 
the maintenance of the safety provision and responsive to suggestions 
as to where increased safety can be procured, and unites the employees 
in bringing about this point of common safety, to secure which no 
better method has been found. 


Byron Cummines. For our purpose this subject may be con- 
sidered under three heads: 

a Is it possible to reduce the number of industrial accidents 
without reducing the output? 

b Will it pay employers to adopt methods of operation and 
safeguarding necessary to produce the desired result? 

c What measures are best calculated to produce the desired 
result? 
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As to the possibility of preventing accidents the testimony of those 
who have adopted a systematic plan for that purpose warrants the 
opinion that a very large proportion of industrial accidents are pre- 
ventable. 

Mr. Calder cites one plant in which the annual number of accidents 
was reduced 68 per cent. He states that this experience has been 
repeated in many cases. The Edison Electric Company report that 
the result of their efforts for accident prevention has been very satis- 
factory, and the United States Steel Corporation state that preven- 
tive measures adopted by them have reduced the annual number of 
accidents by 50 per cent. Furthermore it is admitted by authorities 
that practically 50 per cent of the industrial accidents in this country 
are preventable accidents. 

To the second question, Will it pay to employ the necessary pre- 
ventive means, we think there can be but one answer and that is, 
it will, to which the testimony of all who have employed such meas- 
ures subscribes. 

In considering this phase of the question we desire to call atten- 
tion to the attitude of the courts with reference to claims for damages 
on account of industrial accidents. If the claimant can show that 
the accident was due to unguarded machinery of any description, it 
is more than probable, if the injury was serious, that judgment in 
his favor will be rendered for an amount considerably in excess of 
$5000, the usual limit in a liability policy for an accident to one per- 
son. It matters little if it be contended that the appliance that caused 
the accident was one not usually guarded, or that it was in an out-of- 
the-way place, or that it was not dangerous; the fact that the acci- 
dent was due to the absence of a guard is accepted as prima facie 
evidence that the machine, appliance belt or condition that caused 
the accident was dangerous and should have been guarded. Com- 
paratively recent judgments have been rendered for $15,000 for 
injury that caused the loss of a leg; $25,000 for the loss of four fingers 
in a laundry accident; $30,000 for the loss of one hand and part of 
the other in a printing office; $7500 for the loss of one leg; $11,000 for 
the loss of five toes; $12,500 for the loss of sight; $17,500 for the loss 
of an arm, and $27,500 for the loss of an arm and a foot. We do not 
wish to be understood as claiming that as heavy judgments as these 
are usual, but they are becoming alarmingly frequent—their fre- 
quency being emphasized by the fact that during a period of three 
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months, 31 personal injury cases were decided by the Minnesota 
Supreme Court confirming judgments of $144,926 and reversing judg- 
ments to the amount only of $6600. 

We have no details as to the number of verdicts affirmed, but as- 
suming that only 10 per cent of the verdicts were reversed, we have 
judgments confirmed in $0 per cent of the cases acted upon averaging 
over $5000 each. The State of Minnesota is not alone in this mat- 
ter. The laws of many of the leading manufacturing States are very 
similar and the decisions of the courts in any one State generally 
follow closely the decisions in others. Moreover the state of 
public opinion is such that more stringent laws are continually being 
proposed, there being at the present time under consideration in the 
various state legislatures no less than 21 employers’ liability and work- 
men’s compensation laws, some of them being more exacting in their 
demands than anything heretofore proposed in this country. 

When considering the advisabilty of installing safeguards the em- 
ployer should not overlook the fact that the absence of a guard may 
entail a heavy loss similar to those above noted. He should also 
take note of the fact that the Supreme Court of Michigan has decided 
that failure of a state factory inspector to recommend a guard is 
uot a valid defense on account of an accident due to the absence of 
a guard. 

For the reasons given and for many others that could be cited, we 
believe that we are justified in the opinion that as a matter of busi- 
ness policy it will pay the employers to use every possible method and 
uppliance for the prevention of industrial accidents. 

At this point, we wish to call attention to what may be termed 
elevator hazards. The author’s statement with reference to this 
hazard may lead some persons to think that the dangers in elevator 
operation have been eliminated, but such is not the fact, for 193 
elevator accidents are reported in two years in hotels and apartment 
houses, of which 53, or more than 25 per cent, were fatal. It is true 
that efficient safeguards have been provided for passenger elevators 
hut, nevertheless, entirely too many elevator accidents are happening. 
Careless operation is responsible for many of these accidents but carc- 
lessness or negligence on the part of passengers is also responsible in a 
number of cases. Probably 50 per cent of the number of accidents on 
passenger elevators are due to passengers attempting to enter or leave 
the elevator when the elevator is in motion or to some other condi- 
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tion in connection with the entrances to the hoistway due to improp- 
erly guarded hoistways. The use of efficient interlocking doors on 
all passenger elevators and the proper safeguarding of the entrances 
to hoistways on freight elevators would prevent a large number of 
accidents annually. 

While on the subject of hotel accidents, we wish to call your atten- 
tion to the number of dangerous machines employed in an up-to- 
date hotel. The laundry, usually conducted on the hotel premises, 
contains the dangerous mangle and the centrifugal dryer. Much 
of the danger in connection with these machines may be elimi- 
nated by the use of the latest improved safety device but there are far 
too many old types of inefficiently guarded machines still in use. 
Another attribute of the hotel is the dangerous steam cooker, not the 
original steam jacketed kettle but the cooker in which live steam is 
turned directly into the chamber in which the food is to be cooked. 
Many very serious accidents caused by escaping steam when opening 
the doors of these cookers have occurred. Such accidents may be 
prevented by the device which will make sure the passage of steam 
from the cooking apartment before the door can be opened. 

We all know the dangers of the circular saw, but an up-to-date 
hotel has a machine called an ice cuber which has usually five circu- 
lar saws in one machine, this being used to cut the ice into the small 
cubes which are placed in the glasses of the guests. Machines of 
quite recent manufacture have these saws guarded, but there are many 
in use without any guarding whatsoever. When in addition to the 
circular saw hazard we have a hazard due to wet floors caused by the 
melting ice, we have an extremely dangerous condition, which should 
be eliminated by the use of the latest guarding appliance and cor- 
rugated rubber covering for the floor surrounding the machine. 

In considering the methods best calculated to prevent accidents, 
the use of caution notices should be mentioned. The author states 
and we agree with him that the ordinary caution notice is of doubtful 
efficiency. There is, however, a type of notice coming into use 
which we believe will assist in preventing accidents. This notice 
consists in the statement of the employer that he desires to prevent 
accidents whenever possible and requesting the codperation of his 
employees and suggestions from them as to methods or appliances 
calculated to bring about the desired result. One of these notices 
in use by the Minneapolis Steel and Machinery Company is as follows: 
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DANGEROUS 


NoticE To EMPLOYEES TO PREVENT ACCIDENTS 


This machine is dangerous and cannot be guarded. Unusual care is re- 
quired to operate it safely; and no one should operate it without having had 
full instructions from the foreman. 

This notice is posted in order to comply with the following Labor Law of 
the State of Missouri: 

Extract from Section No. 6433: The belting, shafting, gearing and drums, in 
all manufacturing establishments when so placed as to be dangerous shall be 
safely and securely guarded when possible; if not possible, then notice of its 
danger shall be conspicuously posted in such establishments. 


Another used by a company operating a number of breweries in 
Ohio goes farther and promises a money reward for practical sug- 
gestions that have been adopted. 


NOTICE TO EMPLOYEES 


It is hereby expressly made the duty of each employee to report at once to 
the foreman in this plant, and also to the president or secretary of the company 
at, its main office, any defective or unsafe condition of the grounds, buildings, 
machinery, tools or appliances, lack of guards or the improper operation of 
any machinery in or connected with the plant, and, under no circumstances to 
continue to operate or use the same before the defect is remedied, and he is 
strictly forbidden to clean, oil, handle or repair any machinery while it is in 
motion. 


This rule must be enforced, and failure to comply therewith will be suffi- 
cient grounds for suspension or discharge. 
The company welcomes any suggestion which employees may make for 
guarding their safety, and will pay for such suggestions as it may adopt. 
THE CLEVELAND AND SANDUSKY Brewina Company 


December 15, 1910. 


We believe that notices along the above lines will accomplish 
much good, but in our opinion the best method for the prevention of 
accidents of which we have any knowledge is that adopted by the 
United States Steel Corporation and consists in what may be termed 
inspection committees or committees of safety. The South Chicago 
Works have given careful and earnest attention to this matter and 
we believe that if similar plans are adopted and carried out earnestly 
and concientiously by mechanical engineers in charge of large oper- 
ations that the result cannot help but be beneficial. Some of the 
rules at the plant referred to are as follows: 
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FACTORIES, SHOPS AND YARDS 


GENERAL INSTRUCTIONS TO FOREMEN 


No. 1 Have a thorough understanding of the following rules. Until you 
know them all, and are living up to them, you are not doing your duty. 

No. 2 Youwillbe held responsible for accidents to your men or to the public. 

No. 3 You should caution your sub-foreman regarding the prevention of 
accidents, but you will still be responsible for your sub-foreman. 

No. 4 Watch out for men who are hurt frequently, either by carelessness 
or bad luck and put them where they will not get hurt. 

No.5 You must not put men to work on any job until you have inspected 
everything and satisfied yourself that the place is safe; you must warn men of 
any danger that may come up in the course of doing this work. If on returning 
after you have been away, you see a man violating your instructions or tak- 
ing chances that place him liable to injury, deal with that man so as to make 
it certain he will not again disobey orders. 

No.6 Judgment should be used at all times in placing men on jobs; heavy, 
slow men should not be placed on jobs where a light, quick man is required 
Slow thinking, unintelligent men should not be placed around machinery or 
in places where presence of mind is required, for by so doing the probability 
of accidents is increased many times. 

No.7 One or more workmen should be chosen to act in each division as an 
inspection committee to serve one month each. Each member of this com- 
mittee to spend one day each week inspecting his division; making four inspec- 
tions by each committeeman each month, and he shall report his findings and 
suggestions to his foreman after each inspection. After their term on the com- 
mittee expires, the men who have served are urged to continue looking for 
dangerous places or dangerous customs or dangerous conditions in their divis- 
ion and to report the same to their foremen. In the course of time it is hoped 
that a large proportion of the employees will be actively looking for danger- 
ous places, customs or conditions. Every man appointed on this committee 
should be taught that his duty is a most important one; that he is not a spy 
but that he is a safety inspector; that he is doing his duty when he points out 
dangerous places, or dangerous conditions or a dangerous custom, and by so 
doing he is protecting the life and limb, not only of himself, but of his fellow 
workmen in the plant. 


The success of the United States Steel Corporation in the matter 
of prevention of accidents is evidence that the methods they have 
pursued have been effective and are worthy of the attention of every 
mechanical engineer interested in the matter. 


L. D. Buruincame. I believe it will be of value as illustrating 
and emphasizing what Mr. Calder has so well outlined, to present 
some specific illustrations of what has been done in the line of safe- 
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guarding and sanitation by the Brown & Sharpe Manufacturing 
Company, whuw for many years have given much attention to such 
matters. 

Taking first «une teature of cleanliness and light, Fig. 53 shows a 
corner of the polishing department, often one of the dirtiest and most 
unhealthful places *0 be found about a shop. This view indicates the 
the light, airy condition of the room, in addition to which exhaust 
pipes are conhecved with every polishing stand, carrying the dust 
entirely out of the room. Guards are provided for the wheels and 
chairs for the -omtort of the workmen. At the end of each line of 








Fic. 53 Po.isuine Room, Brown & SHARPE MANUFACTURING CoMPANY 


shafting is a rail to guard against a workman’s falling accidentally 
on the moving parts. 

The Evolution of Gear Guards. Fig. 54 shows a design of manufac- 
turing milling machine of an obsolete type in which the guard only 
partially covers the gears, leaving an element of danger which has 
heen entirely remedied in the later design of machine shown in 
Fig. 55, where the gears are completely encased. 

Fig. 56 shows a constant-speed drive milling machine with all gears 
inside, these being controlled and adjusted by levers from without. 
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The chain from the motor is also fully guarded. These last two 
views are illustrative of the present trend in machine tool design where 
safeguarding features are included as a part of the design of the 
machine. 

Experience has shown that with machines where the gears are 
not completely encased, many accidents are prevented ny the wear- 
ing of short sleeves, and their use is compulsory in these works for 
apprentices, as shown in Fig. 57. A case where gears are exposed on 
an old design of gear-cutting machine and where a temporary wooden 
guard is used to form a partition separating them from the passage- 
way is shown in Fig. 58. 




















Fig. 54 OBsoLete Tyre or Mitt- Fic. 55 Miturne MAcHINE WITH 
ING MACHINE WITH EXPOSED Gears CoMPLETELY ENCASED 


GEARS 

Fast and Loose Pulleys. Mr. Calder emphasizes the danger, 
where fast and loose pulleys are used, of the belts becoming wound 
on the shaft. A chief source of danger from this cause lies in hav- 
ing too little space between the pulley and the hanger, so that when 
belts slip off they are apt to wedge, as shown in Fig. 59. This will 
endanger the workmen, as the countershaft may be pulled down on 
him. Fig. 60 shows the proper arrangement with sufficient space al- 
lowed so that if belts slip off they cannot wedge and wind on the shaft. 

Guarding Wood-Working Machinery. The problem of guarding 
circular saws, planers, jointers and other wood-working machines 
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has proved one of the most difficult in our experience. We have 
found nothing on the market to meet our needs in this direction and 
our own efforts have been only partially successful. It is our prac- 
tice to provide rubber mats in front of wood-working tools where 
there might otherwise be danger of the workman slipping and injur- 
ing himself on. revolving saws or cutters. Fig. 61 shows our method 
of guarding a*band saw, the guard being hinged for convenience in 
replacing the saws. It will be noticed that there is also a head 
guard covering the saw and preventing the workman’s head from 
‘oming into contact with it. An exhaust is provided to carry away 
the sawdust. 











Fig. 56 Misting Macaine wits Gears INSIDE THE FRAME 


Foundry Safeguards. Fig. 62 shows an interior view of the foun- 
dry with overhead tracks for moving ladles and castings about. 
These tracks are provided with switches and are so safeguarded 
that when the switches are open the truck is prevented from running 
off and falling on the workmen. Fig. 63 gives the view of the foun- 
dry cupola showing an elevator opening under the pouring spout so 
that large ladles can be filled. When small ones are being filled the 
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platform of the elevator can be raised even with the level of the floor 
so that there will be no opening into which a workman might fall. 
This can remain closed when the cupola is not in use. 

Engine Stop. Provision is made throughout the works, except 
where independent motors are used, to stop the engine by pushing 
an electric button conveniently located on each floor. The pushing 
of any one of these buttons sets in motion the counter weighted mechan- 
ism which shuts off the steam and stops the engine without the delay 
of notifying the engineer. 

Sanitary Provisions. Fig. 58 shows one of the wash rooms. Indi- 
vidual streams of hot and cold water are provided for each workman. 
it may be seen that the coat racks are provided with steam piping 
underneath to assist in drying the clothing when damp. In the 





Fie, 59 ImprorpeR Design or CoUNTERSHAFT 


= COC 


Led 


Fie. 60 Correct Design or CoUNTERSHAFT 


nickel plating room provision is made for removing noxious fumes 
from the washing tanks by means of a hood and exhaust. Guards 
and exhausts are also provided for the buffing wheels. 

Kinks for Preventing Accidents. The matter of safeguarding has 
its “kinks” and one of these which is effective in preventing accidents 
is that of hanging a piece of paper on the work projecting over the 
passageway, so that workmen will be warned in time and avoid running 


closed when the mere, 


into it. Another “kink” is that of providing guards on the handles 


of a wheelbarrow so as to protect the hands and wrists of the work- 
man when pushing it through swinging doors. 

General Features of Safeguarding. It is the intention of the Brown 
and Sharpe works to give full consideration to all matters of health 
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and safety and this policy has resulted in the adoption of many 
provisions working toward these ends. As an illustration, all stair- 
ways throughout the works are equipped with treads containing 
strips of soft metal to prevent slipping. Aside from providing 
especially favorable conditions as to light and air, special precautions 
are taken against the spreading of such diseases as tuberculosis by 
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Fie. 61 Banp Saw ComMPLETELY GUARDED 


enforcing rules against spitting on the floors or stairways and by 
maintaining cleanliness in all parts of the shop. Provision is also 
made in each department for giving first aid to the injured. The 
main effort, however, is to reduce the number of injuries to the mini- 
mum and the last fatal accident in the machine shop of our works, 
now employing over 4000 men, occurred about 25 years ago. 
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M. W. ALEXANDER. As a member of the Massachusetts State 
Commission on Compensation for Industrial Accidents, I have 
come in close touch with the public opinion of the State of Massa- 
chusetts, and through meetings with commissioners of other states 
have been able to test more or less the public opinion of the United 
States in regard to the problem of compensating the victims of in- 
dustrial accidents. In my investigations I have found a surprising 
lack of appreciation both on the part of the general public and ex- 
perts, of the importance of preventing accidents. The discussions 





Fia. 64 Wass Room wits Coat Racks AND INDIVIDUAL STREAMS OF RUNNING 
WATER 


have centered solely around amounts of compensation, maximum 
length of period of disability to be compensated for, and methods 
of administration; and while these discussions were going on month 
after month, no one seemed to take a keen interest in the preventive 
side of the question, so that the army of industrial victims might not 
meanwhile continue to increase. Sight seems to have been completely 
lost of the equally important, if in the long run not far more impor- 
tant, duty of preventing accidents, as far as they can be prevented 
by care and proper consideration. Accident prevention and acci- 
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dent compensation are, after all, only two different phases of the 
same problem. 

It is, therefore. very fortunate that Mr. Calder has so compre- 
hensively called the attention of The American Society of Mechanical 
Engineers, and through it of the whole engineering profession, to a 
matter of such great importance, and Mr. Calder truly deserves the 
thanks of the Society for his excellent paper. While I might discuss 
some specific parts of this paper by adding my own opinion and ex- 
perience, I believe it would prove of more value to point to some 
general considerations that deserve close study. 

In dealing with the problem of accident prevention, we must go 
about it scientifically and imaginatively. We must not overlook the 
fact that this question is not only one of safety appliances and devices, 
hut also one of proper safety rules and regulations; and the latter 
feature is often the more important one for its educative effect. 
Many times a machine quite properly safeguarded has, nevertheless, 
contributed to an accident because of a ragged coat sleeve, a loose 
necktie, or a finger ring on the operator, which have been the cause of 
the accident and often invited the same. I have seen one sugges- 
tion for safeguarding large gears which were partly above and partly 
below the floor line. Very properly, a railing and a toe guard were 
placed around the pit, yet there still seems to be an easy chance for a 
workman with a long coat or jumper passing near by or leaning over 
the rail, which was placed very close to the gears, to have his coat 
caught in the arms of the large gear. A further step might there- 
fore have been taken in safeguarding this particular device by cov- 
ering the arms of the gear with a sheet iron disc fastened to the 
gear without objectionable projections. 

In this case, as in many others, half-way measures of safeguard- 
ing are often worse than none at all. On the other hand, there is 
also the danger of going too far in the direction of protecting the limbs 
and lives of operatives. In their desire to do the right thing, some 
men have endeavored to cover up every little crack or open space 
about a machine into which a man might be able to put his finger 
while the machine is in motion. Such procedure is not only wrong 
from an economic standpoint, but indefensible psychologically. I 
cannot quite believe that we will train up a body of the right kind of 
workingmen and with the-right kind of fibre, if we make the machines 
on which they have to work, and the runways and everything else 
that surrounds them, absolutely fool-proof, for we are then in danger 
of making these same workingmen fools as far as looking out for 
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their own safety is concerned. If a man is trained to consider every 
machine on which he works so safe that he can sleep all over it, so 
to speak, without getting hurt, he is surely bound to be caught and 
injured sooner or later when he is called upon to work on some other 
machine that is not so fully safeguarded; and there are thousands of 
machines in daily operation now which can only be safeguarded in 
time, and even then perhaps not as completely as new ones built 
with a view to proper safeguards. I am pleading, therefore, for 
safe machines rather than for fool-proof machines, because a fool- 
proof machine, as already stated, is apt to fool its operator. The 
best safety device, after all, we must admit, is good common sense 
and due care. It should, therefore, be the duty of all employers to 
pay careful attention to this phase of accident prevention, and to an 
intelligent effort for safeguarding the working places and the machines 
under their own control as well; at the same time they should exert 
all pressure possible to the end that machine tool builders will de- 
sign their new machines with full consideration to the protection of 
the lives and limbs of the operatives. : 

Many corporations and individual employers are already doing 
excellent work in this respect, and the general public is beginning to 
be aroused to the importance of the problem of accident prevention. 
Much more, however, needs to be done to stimulate further effort 
and to give it proper direction and unification. It would seem to 
me to be of particular value to have all machine tools of a type, 
already installed in the various factories, safeguarded in a more or 
less uniform manner, so that the workingmen emigrating from one 
to another might be better protected because of their greater 
familiarity with the nature of the safeguards. A committee of 
experts could to advantage design and issue for wide publication 
standard safeguards for lathes, planers, drill presses, punch presses 
and other standard tools which are already in daily use. The same 
committee could secure from employers all over the country photo- 
graphs of safety devices and copies of safety rules and regulations 
covering all kinds of conditions, and after proper and careful scrutiny 
issue to interested persons those which deserve wide publication and 
imitation. If there is already in existence such a body of experts 
or an association created for this purpose, I should respectfully ask 
them for a consideration of these and similar ideas. If, on the other 
hand, there is not already a hopeful effort under way, I should sug- 
gest to the Society the appointment of a strong working Committee 
on Safety Conditions, which might take initiatory action, codperate 





DISCUSSION 821 


with other similar bodies, or do both. The fact that practically all 
machine tool builders and the prominent mechanical engineers in 
the various industries are members of the Society would give such 
a committee a decided advantage in securing active codperation of 
manufacturers and employers. What I desire to call to the attention 


of the Society in particular may be summed up in these three 
statements: 


a The problem of preventing accidents involves safety rules 
and regulations as well as safety appliances; in other 
words, it is a question of safety conditions. 

b Machines should be made safe in their operation rather 
than fool-proof. 

c The problem of prevention of accidents will find its complete 
solution only if it is based on a campaign of education, 
both with the operatives who are to be protected and 
the engineers and employers, among whom a better knowl- 
edge of the subject and a strong public opinion in favor 
of safety conditions must be created. This, in turn, will 
have a helpful effect upon the legislators of various States 
before whom bills for accident prevention and accident 
compensation are pending at the present time. These 
bills, when enacted, should be comprehensive and con- 
structive in character, and as far as it can be done, more 
or less uniform between the various States. 


L. P. ALForp. 


I am disposed to emphasize the importance of 
the position of the mechanical engineer in connection with this sub- 
ject to a greater degree than did Mr. Calder. Legislation, official 
requirements and recommendations can do little more than point 


out that something must be done. The designing and applying of 
safeguards, and the determining of the details of manufacturing 
processes are distinctly within the province of the mechanical engi- 
neer. Upon his initiative and ingenuity rest the final solution of 
this economic problem. 

Using the word prevention in the sense indicated in the old adage, 
‘‘An ounce of prevention is worth a pound of cure,” the time to es- 
tablish industrial safeguards is when the work of designing is being 
done. The place to safeguard machinery, mechanism and struc- 
tures, is on the drawing board. The time to safeguard a manufac- 
turing process is when that process is being planned. 
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Turning to the field of the machine shop, my experience has shown 
two prolific sources of accidents that are worthy of consideration. 
Some time ago I had occasion to analyze the accidents that had 
taken place during two years in a large machine shop manufacturing 
light and medium weight, automatic and semi-automatic machinery. 
The records from which the analysis was made were of the best. 
The plant has a well equipped emergency hospital, in charge of a 
registered male nurse, and keeps an accurate record of every case 
that is treated, no matter how trivial it may seem to be. 

The average number of employees for the two years under con- 
sideration was 2590. The number of cases treated during the two 
years, practically all injuries, but most of them of minor importance, 
was 5208, or about one per employee per year. The number of seri- 
ous injuries or accidents was 174, divided as follows: 


Lacerations and contusions of fingers, hands, wrists and forearms... 99 
Lacerations and contusions of feet and legs 

Lacerations and contusions of face and head 

Miscellaneous 

Received in drop forging shop 

Received in iron foundry 


Disregarding the accidents received in the drop forge shop and 
foundry, and computing the machine shop accidents in percentage, we 
find that 64 per cent were in the nature of accidents to the fingers, 
hands, wrists and forearms, 18 per cent to the feet and legs, 10 per 
cent to the face and head and 8 per cent to other parts of the body. 

Without taking time to present the analysis for the agent of 
the accident in detail, the two most prolific sources should be 
pointed out. One is the milling machine. Thirteen per cent of 
the accidents under consideration were from milling machines. In 
two cases amputations resulted. One of the most distressing machine 
shop accidents that I know of is the severing of the tendons of the wrist 
on a slitting saw or thin mill. I have seen several such accidents 
and in no case did the wound heal in a manner to leave the hand of 
much use thereafter. Yet the safeguarding of a milling cutter is 
an easy matter. 

The greatest single source of accidents was from falling objects, 
in amount 24 per cent. Most of these were from castings and forg- 
ings that slipped from trucks while being transported, or fell from piles 
of material, or were dropped by the man injured or a fellow work- 
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man. This emphasizes the need of suitable transporting devices 
in shops and care in piling the material to prevent its falling. 

Mr. Calder has not treated of the hazards around elevators and 
vessels under pressure, saying that of all industrial dangers they 
have received the most attention from engineers. While this is so, 
more needs to be done in certain directions. 

The usual safety elevator gate constructed with a few horizontal 
bars, the lower one being from 8 to 12 in. from the floor, is to be con- 
demned. Such a gate offers no safeguard to prevent objects from 
rolling into the elevator well. A single accident from my own ex- 
perience will emphasize this point. A barrow of pig iron had been 
unloaded from a foundry elevator into the cupola charging floor. 
The elevator immediately descended. A helper in moving the barrow 
tipped it to one side, a half pig of iron fell off, rolled across the floor, 
passed underneath the bar of the so-called safety gate and fell. One 
man was instantly killed, a second seriously injured. Yet the gate 
was of a commonly approved type, hundreds of which are in use 
every day. 

New processes often bring new hazards. The use of the oxy-hydric 
and oxy-acetylene fusing and cutting apparatus is our latest illus- 
tration in the machine-building field. Several fatal accidents have 
already occurred. On February 22 of last year an accident took 
place with an oxy-acetylene apparatus in this city, in which one 
man was instantly killed, a second seriously injured and a resulting 
fire caused considerable property loss. I investigated that accident 
and the facts as 1 was able to learn them are these: 

The apparatus as furnished by the manufacturer consisted of 
two retorts for generating oxygen, gas scrubbers, an acetylene 
generator and the connecting piping and torches. The oxygen 
retorts were each a seamless cup, closed by a flanged head screwed 
into place. The acetylene generator was a seamless tank. To in- 
crease the capacity of this apparatus a large riveted tank was con- 
nected by the user into the oxygen system to serve as storage space. 
This riveted tank was apparently the one that exploded. It was 
ruptured nearly its entire length and was almost turned insi*e out. 
The flanged head was blown off from one of the oxygen retorts—per- 
haps by a flying piece from the storage tank. 

This shows the ignorance that exists on the part of some users of 
apparatus of such serious hazard. Gases are confined under con- 
siderable pressure; one is inflammable in the air. If both are mixed 
together in proper proportions the mixture is violently explosive, 
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and when in use they give some of the hottest flames used in indus- 
trial processes. 

Here is a field in which some authoritative action should be 
taken. What is needed is a series of recommendations in regard to 
the design, installation, care and use of oxy-acetylene and oxy- 
hydric apparatus, with particular reference to safety; including 
tests that may be applied to new apparatus or apparatus in use to 
make sure that it is safe. This will be to the advantage of maker, 
owner and user of the appliances, alike. 

Something has been done by the National Board of Fire Under- 
writers in recommendations seeking to reduce the fire hazard, but I 
believe that more is needed. Ultimately, we may look for legis- 
lative action, but we need something to bridge the interim and to 
form an intelligent basis for laws when they are drafted and passed. 


A. Taytor. Little literature is even now available on the subject 
of accidents and their prevention, so that the average employer 
has been compelled to learn almost solely from his own experience 
and to endeavor to safeguard the future by his knowledge of the past 
instead of having the experience of others to assist him.as is the case 
in so many other lines of work. It is fair to presume that when 
circumstances permit not only of a freer interchange of ideas but of 
the formation of some central bureau where such ideas may be prop- 
erly compiled and then universally disseminated, there will be rele- 
gated to the preventable class a certain percentage of the accidents 
now designated as natural hazards incident to the various occupa- 
tions, and any move with this desirable end in view should accord- 
ingly be facilitated in every possible way. 

Every works should have its supervisor of safety appliances who 
should be an experienced mechanical engineeer and whose duties in 
whole or in part should be to see that the danger of accident from what- 
ever cause, whether from machine tools, fire, steam, electricity, pits, 
translating devices, etc., is either eliminated entirely, or failing this, 
is minimized to the smallest degree. In any plant where work of 
this kind is being systematically introduced it will be advisable to 
consider the tools and other appliances as capable of division into 
three classes: first, those which should receive immediate attention 
as being dangerous in the extreme, and which should, therefore,. be 
guarded without delay; second, those which are capable of producing 
injury but are of a minor character and the guarding of which may con- 
sequently be taken up after the more dangerous machines have been 
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guarded; third, those in which the chance of injury is so remote as 
to be a negligible quantity and which accordingly need not be 
guarded at all. 

It will also be found that the work involved is not alone one of 
installation but of up-keep as well, for it must be admitted that in 
many instances the guards employed, while performing their function, 
do so at the expense of production and under such circumstances are 
liable to be removed by the unthinking among the workmen; and for 
this same reason perhaps continue to be left off by the foreman under 
the mistaken idea that they are thus serving the best interests of all 
concerned. On the other hand, it will occasionally be noted that the 
use of properly designed safety appliances has actually increased 
production, as for instance, roll and inclined feed or suction and blower 
devices when applied to punch presses, etc., instead of the usual 
hand feed. 

Doubtless the limits of the paper prevented the author from touch- 
ing upon the guarding of traveling cranes by providing them with 
limit switches, thus preventing operators from over running and per- 
haps dropping the loads, with damage to property and risk to life. 
When cranes are unprovided with proper mounting platforms and 
are not too high up, it is sometimes advisable also to equip them with 
rope ladders whereby the operators are enabled to reach and leave 
their cages without the necessity of clambering over the cranes, 
thereby avoiding any possibility of falling or of shock from contact 
with the trolley wires. The sides of elevators should be guarded by 
low foot boards to prevent articles from going through to the floors 
below, and where this cannot be done, as on the open or approach 
side, the floor should, if possible, be given a slight rise. The same 
reason calls for similarly guarding stairs, and wide stairs should be 
provided with central railings. Hatchways and shafts should be 
lined with netting to safeguard heads, arms and feet, and elevator 
gates should likewise be so arranged, and moreover be sufficiently 
high to prevent leaning the arms on them or looking over them. 

In the line of indirect safety appliances, if the term may be used, 
due importance, as the author of the paper points out, is not usually 
given to adequate lighting. A very great majority of factories, it 
is safe to say, are still illuminated by spot or individual lighting, a 
method considered obsolete, except in special cases, since the advent 
of incandescent and vapor lamps of medium candle power which 
now enable diffused lighting to be used. Unfortunately it is im- 
possible to prove by the commonly accepted method of dollars and 
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cents, to what extent betterment in lighting reduces the liability of 
accident, though it will be patent to everyone that the elimination 
of shadows by the use of diffused lighting in place of individual or 
spot lights with their sharp light and shadow effect must exert a very 
considerable influence, since eye-strain is wholly done away with; 
moreover, production is most certainly increased and the quality of 
the work improved. 

Going perhaps a little further away from the subject, but never- 
theless always a source of anxiety to the management, is the risk to 
life and limb when employees are boarding street cars and trains 
upon leaving work, the only solution to which problem is to codperate 
with the railroads in the erection of suitable fences, gates or enclosures. 


H. GarpNER. Mr. Alexander referred to the advisability of 
properly instructing shop men and particularly apprentices in regard 
to the dangers of handling the machines they are operating. If 
we can bring to the men and the apprentices a proper realization of 
the dangers to which they are subjected and explain the exact loca- 
tion and nature of this danger in such a manner as to make them 
able to take proper precaution there will be less need for the more 
extravagant and elaborate types of safety devices. 

The New York Central Lines with which I am employed have 
some 650 apprentice boys working in the several shops and we have 
found it profitable to inject into our educational courses carefully 
written suggestions relating to the care of self as well as the care of 
the machines. I would think that a dull boy going to the shop with 
a proper realization of the dangers to which he is exposed would be 
less liable to injury and less in need of guards around the machines 
than perhaps a brighter boy or even a mechanic who had not the 
advantage of being thus forewarned. The Brown and Sharpe Man- 
ufacturing Company have issued a hand-book for apprentice machin- 
ists containing paragraphs which ably present to the boy the need for 
proper care in handling machinery and undoubtedly the apprentices 
which Mr. Alexander has in his school at West Lynn are provided 
for in a similar manner. 

We find that the instructor employed to train apprentices may be 
held largely responsible for accidents in the shop and it may be con- 
sidered distinctly a part of his duty to point out the danger and 
stimulate individual responsibility in properly caring for machines 
and tools. There is no question but that proper education and in- 
struction can help greatly in this direction. 
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OBERLIN SmitH. The paper just read is a very interesting and 
comprehensive one and should be followed in this and sister societies 
by many other papers upon this very important subject. It was of 
course impossible in treating such a great variety of machines to 
deal with each kind in detail. It is very desirable that the paper 
should be amplified by a treatise upon each particular kind of machine. 
It may be that.experts in the different branches of manufacturing 
can be induced to write a series of papers, each one in regard to his 
own specialty. In this discussion, I will limit myself to that most 
dangerous class of implements known as presses and dies, it so hap- 
pening that I am especially familiar with their doings and misdoings. 

The first kind of danger incident to these machines, and one which 
threatens people in general moving about a shop, rather than the 
operator, is obviously the chance of being drawn in by belts and gear- 
ings. ‘This can beobviated by guards arranged in any of the ordinary 
ways, some of which are shown by Mr. Calder. 

In an experience, however, of some 40 years with these machines, 
I have known but few accidents of this kind. In my own practice 
I have not equipped presses with complete guards unless especially 
ordered and paid for by the customer, but a partial guard has always 
been placed between each pair of gears on the in-running side. This 
guard consists of a casting somewhat wider than the face of the gears, 
extending from the point of tooth contact through a considerable 
arc in the form of curved plates nearly touching the teeth. This 
has seemed to serve almost as good a purpose as guards running en- 
tirely around the gears and is not prohibitive in cost when included 
in the price which buyers will pay. 

The next and most frequent kind of accident pertaining to a power 
press is the contusion or shearing off of fingers and hands by being 
between the dies when they come together. This often occurs 
through pure carelessness on the part of the operator. In cases 
where he lets the ram of the press run continuously, trusting to luck 
and to a certain acquired automatic rhythmic movement of his 
hands, any mental disturbance of the rhythm, as a sudden movement 
or noise in his vicinity, or a desire to look round for something happen- 
ing in the street, may prove disastrous. Of course this cannot occur 
if the machine is arranged as it should be, so that his fingers cannot 
possibly go between tlie dies. 

A more frequent accident occurs when the ram of the press is al- 
lowed to stop between each stroke by the action of the automatic 
stop-clutch generally embodied in these machines. Each operation 
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consists in placing the work between the dies and then depressing 
the treadle, or in some rare cases a handle, which throws the clutch 
into mesh so that the continuously revolving flywheel operates the 
shaft through one revolution and then stops it. This performance is 
safe even if the fingers have been between the dies, providing they are 
taken out before the treadle is depressed and not put in again until 
the ram is surely stopped in up-position. It often happens, however, 
especially with piece work, that the treadle is depressed almost 
immediately after the ram is stopped so that again there is needed a 
certain rhythm common to the finger motions and the halting con- 
tinuity of the ram motion. Under these conditions it is probable that 
most of the accidents happen because the treadle is not allowed to 
rise entirely to its upper position, that is, far enough to insure posi- 
tively the stopping of the ram. In such a case it comes down a little 
sooner than is expected, and an injury to the hand is the result. A 
remedy for this evil has been devised by the writer and some other 
press makers in the shape of a device by which the clutch-lever de- 
taches itself from the treadle action, each time the latter is depressed, 
by means of a cam upon the main shaft, which itself performs the 
stopping action of the clutch. This, if kept in order, will provide 
safety and is a valuable device. 

A similar trouble may happen by the clutch being out of order 
so that the treadle and tripping device, often known as a clutch-lever, 
do not rise as promptly as they should, owing to the binding of some 
parts, or the weakening of springs which, perhaps, have not been kept 
in proper adjustment. An occasional trouble causing the ram to 
descend unexpectedly is the cutting or seizing of the flywheel, 
or gear upon the shaft. This, of course, is due to the lack of oil, or 
the presence of dirt, or both, between the wheel and the shaft. Noth- 
ing but correct automatic lubrication would seem to be a cure for it, 
and this is not usually applied to presses. 

The cases are rare where fingers are deliberately placed between the 
dies and then the machine prematurely started, but even this happens 
sometimes. The only safe rule to follow, as a preventive of all the 
different kinds of accidents above referred to, is never to put fingers, 
hands, or arms between dies, while the flywheel or gearing of the press 
is in motion, even though the clutch may be fastened out of action 
by a clutch-lock, such as the writer has devised and always used, and 
further never so to place the fingers between the dies when nothing 
is in motion, without putting a block of some kind under the ram, or 
between the dies so that the ram cannot possibly descend by its own 
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weight, or from other causes. Instead of such a block a safety-post 
might be made which could be swung up or forward underneath some 
part of the ram when not in action. In cases where hand feeding is 
practised, such a rule is difficult to enforce. The employers do not 
like it because it sometimes lessens the speed of feeding and the work- 
men dislike it for the same reason, when practising piece-work, or — 
when expected to perform a given task. Even if ordered thus to pro- 
tect themselves they often disobey simply from recklessness. 

It would seem from the above facts that particular attention should 
be given to developing protective devices in and about the dies. This 
is done in many kinds of work, but it is difficult to make any general 
attachment to a press that will meet all the very numerous conditions 
attending the work done therein. Of course the dangers alluded to 
can be almost eliminated when strictly automatic feeds are used. 

Considering first, primary operations, as the working of cutting, 
punching or shearing dies, all of which may easily be protected, the 
most usual feeds are: 

a Single or double roller-feeds, where the flat sheets or bars of 
metal or other material are held by spring pressure be- 
tween intermittently revolving rollers. . 

b Reel-feeds, where flexible metal or other material, in strips, 
is pulled through the dies from one reel with a brake upon 
it by another intermittently revolving reel upon which it 
is rewound. 

c Grip-and-push or pull-feeds, generally made with a pair 
of stationary grippers and a pair of reciprocating sliding 
grippers, these latter alternately gripping the edge of the 
material and carrying it through the dies any desired 
distance at each stroke of the press. 

d Gravity-feeds, where the press ram axis is inclined at an 
angle to the vertical, perhaps even to a horizontal position, 
and the material descends by gravity against a let-off 
gage, placed back of the dies, working automatically. 

Concerning feeds for seconding operations the most usual kinds are: 

e Dial feeds for redrawing, forming, curling or repunching 
work. A common well-known form consists of aninter- 
mittently rotating disc in the respective apertures of 
which the wofk is put by hand at the front of thepress, 
far away from the dies, and is carried around until it 
reaches them, in some cases a group of dies performing 
successive operations upon it. 
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f Friction-disc feeds, where the articles are pushed from a table 
on to a flat revolving disc which carries them by friction 
between certain fences or guides and which delivers them 
under the dies. They are stopped by a let-off device to 
limit the motion of each one as it arrives in final position. 

g Push-feeds, where a sliding carrier comes forward tore- 
ceive the work and then carries it back between the dies 
again, coming forward for another piece. 

h Tube-feeds, used especially for small articles like coins, 
medals, etc., which are piled upon each other in a tube and 
allowed to descend by gravity so as to be fed to the dies 
by any one of the methods, e, f and g, usually, however, 
with the last. 

Feeds f and h are practically safe against hurting the fingers, while 
with e and g there is some little danger of getting the fingers in the feed- 
ing device itself, if they are not removed quickly enough before it 
starts; they cannot, however, be easily carried back to the dies. When 
devices of this sort are used, by stopping the press at each stroke while 
the work is being placed in the dial, or carrier, absolute safety is 
assured. 

Returning to the consideration of hand-feeding: With thin metals, 
mere cutting operations can be made entirely safe by using a proper 
stripper surrounding the punch. This should fit very close to the 
punch and come down as close to the top of the die as possible to allow 
the metal to go between, andit should be quite thin so as not to 
obstruct the view of the work outside the limits of cutting. It should 
also be so high that the punch at the top of its stroke never comes 
entirely out of it, thus giving no chance for fingers to be put in above 
it. With thick metals, the stripper has obviously to be placed so 
high that fingers can be put in under it. 

In the case of forming, repunching, etc., where small objects must 
be located between the dies and sometimes a considerable distance in 
from the front thereof, it is nothing but criminal to allow the operators’ 
fingers ever to go between. The inserting and removing of the work 
should always be done with a stick of pine wood, or some other soft 
material, which will not damage the dies if they happen to come down 
at the wrong time. 

In general, where hand feeding is resorted to, there is no universal 
panacea for the evils in question. Careful attention to all of the 
points above mentioned, however, will reduce the percentage of dan- 
ger to a very small figure, especially if there is any such rigid discipline, 
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backed both by altruistic and financial motives, as will absolutely 
prevent fingers being put between dies. It may be stated that in any 
ordinary press shop where thousands of different kinds of work are to 
be done, and perhaps only small batches of a few thousand, or a mil- 
lion or two, of pieces are to be made, it is very expensive to provide 
all of the different kinds of automatic feeds and guards that would be 
needed for the varying kinds of work. If, however, we should get 
our much desired uniform state laws providing reasonable penalties 
for the carelessness and parsimony that produce our present numerous 
accidents it is probable that the volume of them will greatly decrease. 

The writer has frequently had inquiries for safety apparatus for 
a room full of presses but has always been obliged to reply that each 
press and each pair of dies must be considered separately, and that 
much expert designing would have to be done for special devices to 
suit each varying condition. Some of these would of course be sim- 
ple, but others would have to be automatic in their character and, on 
the whole, quite expensive. Hence, not many press manufacturers 
have gone into this matter thoroughly, principally because they know 
that their competitors would not be obliged to do the same. 


Tue Avutuor. It is gratifying that so much practical sympathy 


with the movement for prevention of industrial accidents exists within 
the Society, as exemplified by the participators in this discussion. The 
subject is a large one which demands for its full consideration a treatise 
instead of a paper and the author, being necessarily limited in the 
length of the paper and the number of illustrations permissible, has 
chosen to dwell mostly upon causes and principles and to illustrate 
these from the machinery elements which are most generally created 
and maintained in industrial establishments by the mechanical engi- 
neer to whom the paper is specially addressed. 

All dangerous apparatus not detailed in the paper is not thereby 
to be considered of less importance. Its protection follows as a matter 
of course if the general contentions of the author are admitted. It 
is not the writer’s experience that accidents invariably or even most 
frequently arise out of unrestrained or unguarded applications of 
power, though a number of very serious ones do. 

Engineers in responsible control of industrial establishments and in 
daily contact with their accident risks are well aware that alarge num- 
ber of accidents, especially of the minor kind, have nothing to do with 
power machinery and are not preventable by specific safety devices. 
Many of them may be prevented, however, by the mechanical 
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engineer through suitable structural precautions, caution and instruc- 
tion of workmen, and cultivation of a safe-working habit of mind in 
foremen and overseers as well. 

The totally inadequate financial and technical provision made by 
the various States for administration of accident prevention laws is 
well known and no employer should be content to rely for safety 
upon the infrequent visits of State officials. 

If the members of the Society and the staffs of professional accident 
investigators attached to the casualty insurance companies will pool 
their practical experiences in discussions such as this, the writer feels 
certain that much good will be accomplished. 
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of Mechanical Engineers treating of the production of gas from crude petroleum. 


Propucer Gas Yacut, A. The Gas Engine, May 1911. 4p. Chef. 


Description of 54 ft. yacht being built by McLaren Bros., Scotland, 
equipped with 45 h.p. gas engine, producer, electric generator and motor for 
propulsion. 


Pump, INTERNAL ComBusTION, THE Bascock Two-Cycie. London Engi- 
neering, May 5, 1911. 1% pp., 5 figs. be. 


A self-contained water pumping unit. 


Tractor, Orn Rattpway. The Engineer (London), May 12, 1911. 1p., 3 figs.; 
1 table. Cobf. 


Thirty h.p. tractor on a railway in India. Speed 25 miles on level, capacity 
18-20 tons up incline of 1 in 150. Fuel, paraffin. 


TRUNK Pistons ror Gas Enatngs, Fittine, O. Olafsen, Power, April 18, 
1911. 2 pp., 2 figs., 3 tables. f. 
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AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 


The third semi-annual meeting of the American Institute of Chemical 
Sngineers was held on June 21-24 at the Congress Hotel, Chicago, Ill. Papers 
were presented on the Four-Year Chemical Engineering Course, J. H. James; 
(ndustrial Chemical Calculations, J. W. Richards; A New System of Lead and 
silver Lining for Chemical Apparatus, C. L. Campbell; The Practical Value of 
Calorific Tests on Anthracite Coal, 8. F. Peckham; and other subjects. Excur- 
ions were made in conjunction with the meeting, to the plant of Swift and 
Company, and that of the Corn Products Refining Company at Argo, the 
‘aboratories of the Dearborn Drug & Chemical Works, and the works of the 
sy-Products Coke Corporation at South Deering, the Carter White Lead 
Company, West Pullman, and the Indiana Steel Company at Gary. A dinner 
was held on June 22 at the Congress Hotel. 


SOCIETY OF AUTOMOBILE ENGINEERS 


The summer meeting of the Society of Automobile Engineers was held at 
the Algonquin Hotel, Dayton, Ohio, on June 15-17, 1911. The meeting was 
opened on Thursday at 8.30 a.m., by the president, Henry Scuther, Mem. 


Am. Soc. M. E., who made an address. Reports were received from the Stand- 
ards Committee, iron and steel division, given by Henry Souther, Mem. 
Am. Soc. M. E., aluminum and copper alloys division, by W. H. Barr, seamless 
tubes division, by H. W. Allen, Mem. Am. Soc. M. E., and nomenclature 
division, by P. M. Heidt. Papers were presented on the Question of Long vs. 
Short-Stroke Gasoline Motors, by J. B. Entz, and Long Addendum Gears, 
by E. W. Weaver. At the professional session on Thursday evening, Commer- 
cial Vehicles was the topic for discussion, with a paper on the Influence of the 
Engineer on the Sales Department, by W. P. Kennedy. The professional 
session of Friday morning included papers on the Elements of Ball and Roller 
Bearing Design, by A. C. Koenig, and Worm Gears and Wheels, by E. R. Whit- 
ney, with reports from the Standards Committee, among others, the ball- 
bearings division, by David Fergusson, and the breaches division, by Charles 
E. Davis, Mem. Am. Soc. M. E. The final professional session, held Saturday 
morning, included papers on Rotary Valve Gasoline Motors, by C. E. Mead, 
Some Points on the Design of Aluminum Castings, H. W. Gillett, Oversize 
Standards for Pistons and Rings, James N. Heald, and reports of Standards 
Committee, lock washer division, J. E. Wilson, Mem. Am. Soc. M. E., sheet 
metals division, J. H. Foster, and others. On the afternoons of Thursday and 
Friday, aeroplane flights on the Wright brothers’ grounds were viewed, and 
excursions were made to factories, while on Saturday a banquet was held at 
the Automobile Country Club, with an address by Arthur Ludlow Clayden, 
editor of the Automobile Engineer (London). 
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NATIONAL GAS AND GASOLINE ENGINE TRADES ASSOCIATION 


The meeting of the National Gas and Gasoline Engine Trades Association 
was held on June 20-23, 1911, at the Hotel Pontchartrain, Detroit, Mich. 
Papers were presented at the professional sessions on the Relation of Ignition 
to the Sales Department, R. H. Combs; on the Development of Farm Power, 
J. E. Waggoner; the Work of the Colleges in connection with Agricultural Power, 
J. B. Davidson, Mem. Am. Soc. M. E.; the Commercial Side of the Agricultural 
Power Question, P. E. Edwards; Aeronautic Motors, E. W. Roberts; and others. 
Trips were made to a number of the automobile and engine factories in Detroit 
and an excursion taken on the lake. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


The 28th annual convention of the American Institute of Electrical Engineers 
was held on June 26-30, 1911, at the Hotel Sherman, Chicago. Sessions were 
held on Power Stations, Electric Lighting, Railways, Industrial Power, Teleg- 
raphy and Telephony, Education, and High Tension, at which a large number 
of papers were presented and discussed, including the Development of the 
Modern Central Station, C. P. Steinmetz, Mem. Am. Soc. M. E.; Tests of Oil 
Circuit Breakers, E. B. Merriam; Important Features entering into Making 
of Appraisals, H. M. Byllesby, Mem. Am. Soc. M. E.; Some Data from the Oper- 
ation of the Electrified Portion of the West Jersey and Seashore Railroad, 
B. F. Wood, Mem. Am. Soc. M. E.; Analysis of Electrification, W. S. Murray ; 
Induction Machines for Heavy Single-Phase Motor Service, E. F. W. Alexan- 
derson; Automatic Motor Control for Direct-Current Motors, A. C. East- 
wood; Control of High Speed Electric Elevators, T. E. Barnum; Multiplex 
Telephony and Telegraphy by Means of Electric Waves guided by Wires, 
George O. Squier; Transmission System of Southern Power Company, W. $ 
Lee, Mem. Am. Soc. M. E.; and Tentative Scheme of Organization and Admin- 
istration of a State University, R. D. Mershon, Mem. Am. Soc. M.E. A num- 


ber of trips were made to plants in the vicinity and social features for both 
members and ladies provided. 


AMERICAN WATER WORKS ASSOCIATION 


The 3l1st annual convention of the American Water Works Association was for- 
mally opened at Rochester, N. Y., on June 6, by John W. Alvord, president. A 
number of committee reports were presented and the following officers elected: 
President, Alex. Milne; Vice-Presidents, D. R. Gwinn, R. J. Thomas, J. A. 
Affleck, G. C. Earl, Thos. Leisen; Secretary-Treasurer, J. M. Diven. It was 
decided to hold the next convention in Louisville, Ky. The following papers, 
among others, were presented at the professional sessions: Fire Line Meters, 
George Houston; Pumping Station Equipment and Management at Milwaukee, 
Thos. McMillan; Some Fundamental Considerations in the Determination of 
a Reasonable Return for Public Hydrant Service, Leonard Metcalf, Mem, Am. 
Soc. M. E., Emil Kuechling and W. C. Hawley; Wood-Stave Pipe, C. T. Hatton; 
Water Purification, J. L. Leal. A talk on the Panama Canal, illustrated by 
lantern slides, was given by D. H. Maury, Mem. Am. Soc. M. E. 
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NATIONAL ELECTRIC LIGHT ASSOCIATION 


The National Electric Light Association held what is considered to be the 
largest technical convention ever held in this country in the Engineering Soci- 
eties Building, New York, during the week of May 28, 1911, with a registration 
of 5149. The convention opened with a reception at the Hotel Astor on May 
29, and many other social events added to the pleasure of the visitors. includ- 
ing trips up the Hudson River and to Coney Island, as well as excursions to 
places of technical interest. Owing to the large number of sessions, it 
was necessary to hold simultaneous meetings. Many valuable reports on sub- 
jects of interest to the association were presented, representing extended re- 
search and experimental work on the part of the committee. The meeting at 
which was given the report of the Public Policy Committee, consisting of C. 
L. Edgar, Mem. Am. Soc. M. E., N. F. Brady, E. W. Burdett, H. M. Byllesby, 
Mem. Am. Soc. M. E., H. L. Doherty, Mem. Am. Soc. M. E., W. W. Freeman, 
G. H. Harries, Saml. Insull, J. B. McCall, Saml. Scovill, C. A. Stone, Mem. 
Am. Soc.M.E., and Arthur Williams, was held at the New Theatre, where an 
address was made by the Hon. Charles Nagel, Secretary of Commerce and 
Labor. A session on rate-making was held during the convention, at which 
a number of papers were presented, including Breadth of Vision in Public 
Utility Appraisals, H. M. Byllesby, Mem. Am. Soc. M. E.; Elements Affecting 
the Fair Valuation of Plantand Property, W. F. Wells; Standardizing Electric 
Sales, Douglas Burnett; Possibilities of Economy in the Operation of Light 
and Power Companies offered by Scientific Time Study, L. B. Webster, Mem. 
{m. Soc. M. E. Among the papers presented at other technical sessions 
were those on Grounding Low-Tension Circuits as a Protective Measure, 
P. M. Spencer; Recent Improvements in the Single-Phase Motors, M. A. 
Layman; Ventilation of Turbo-Generators, R. B. Williamson; Increasing the 
lexibility and Reducing the Cost of Operation of Steam Boiler Plants by the 
Use of Fuel Oil, H. A. Wagner; and a Topical Discussion on the Operation of 
Transmission Systems, opened by D. B. Rushmore, Mem. Am. Soc. M. E. 

The following officers were elected: J. F. Gilchrist, President; F. M. Tait, 
\. S. Huey, Vice-Presidents; and T. C. Martin and G. H. Harries were recom- 
mended for appointment as Secretary and Treasurer, respectively. 


AMERICAN INSTITUTE OF MINING ENGINEERS 


At the meeting of the American Institute of Mining Engineers held at 
Wilkes-Barre on June 6-10, 1911, a number of technical excursions were made to 
points of interest to the membership, including the mineral spring breaker of . 
the Lehigh Valley Coal Company, at Parsons, Pa., the Hazard Manufacturing 
Company, Wilkes-Barre, Pa., Hauto storage yard and the Lansford briquet- 
ting plant of the Lehigh Coal and Navigation Company, Lansford, the Summit 
Ifill mine fire, the Mauch Chunk, Summit Hill and Switch-Back Railroad, 
both at Mauch Chunk and the Saucon and Lehigh plants of the Bethlehem 
Steel Company. Papers were presented on Geology of the Cobalt District, 
R. E. Hore; Lead-Smelting on the Ore-Hearth, J. J. Brown, Jr.; Use of Elec- 
tricity in Anthracite Mining, D. B. Rushmore, Mem. Am. Soc. M. E.; Mine 
Rescue Work in Illinois, J. A. Holmes, Mem: Am. Soc. M. E.; Apparatus for 
Metallography, C. H. Hayward; and many others. 





PERSONALS 


William M. Armstrong, formerly vice-president of the F. A. Goodrich Co., 


St. Louis, Mo., has been appointed treasurer of the Corrugated Bar Co. of the 
same city. 


Earle J. Banta has been appointed general sales manager of the Davenport 
Locomotive Works, Davenport, Ia. He was until recently associated with 
the Vulcan Steam Shovel Co., Toledo, O., in the capacity of chief engineer. 


Edward P. Bates will attend the fiftieth congress of the Institution of Naval 
Architects, which will be held in London on July 4. He is a delegate from the 
sister society in the United States. 


Paul P. Bird, until recently smoke inspector for the city of Chicago, has 


taken a position with the contract department of the Commonwealth Edison 
Co., Chicago, II. 


Frank G. Bolles has become associated with the Advance Sales Corporation, 


New York. He was formerly connected with the Reliance Engineering and 
Equipment Co., Milwaukee, Wis. 


The degree of Doctor of Science was conferred upon John A. Brashear by 
Princeton University at its annual commencement on June 13th. 


Willard C. Brinton, formerly with the Westinghouse Electric and Manufac- 


turing Co., East Pittsburg, Pa., is now assistant vice-president of the U. S. 
Motor Co., New York. 


A. H. Case has accepted the position of assistant manager of the Tennessee 
Copper Co., Copperhill, Tenn. Mr. Case was until recently identified with 
the Santa Fé Gold and Copper Mining Co., San Pedro, New Mexico, in the 
capacity of superintendent. 


J. J. Chisholm, formerly chief engineer of power house of the Westinghouse 
Electric and Manufacturing Co., East Pittsburg, Pa., has assumed the duties 


of superintendent of power for the Tennessee Coal, Iron and Railroad Co., 
Ensley, Ala. 


Farley G. Clark has been appointed superintendent of the Westinghouse 
Electric and Manufacturing Co., East Pittsburg, Pa. He was formerly con- 
nected with the P. T. & T. R. R. Co., Pennsylvania Station, New York. 
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Charles J. Davidson has resigned as chief engineer of power plants of the 
Milwaukee Electric Railway and Light Co., and as general superintendent of 
the Milwaukee Central Heating Co., to engage in private practice of engineer- 
ing as a member of the firm of Woodmansee, Davidson & Sessions. 


G. H. Gleason has become vice-president of The Dexter Engineering Co., 
[nc:, Providence, R. I. He was formerly engineering salesman of the Dodge 
Manufacturing Co., Boston, Mass. 


Charles Guckel has accepted a position with the Swan Falls Power Co., 
Nampa, Idaho, in the capacity of general manager. He was formerly secre- 
ary, treasurer and general manager of the Dover Electric Light Co., Dover, 
N. J., and the Rockaway Electric Light and Improvement Co. 


Walter S. Hanson, formerly president of the El Reno Alfalfa Milling Co., 
1 Reno, Okla., has been appointed manager of the Hollis Cotton Oil, Ice and 
Light Co., Hollis, Okla. 


Parker H. Kemble, district manager of the Edison Electric Illuminating Co. 
of Brooklyn, N. Y., has been appointed sales manager of the Toronto Electric 
Light Co., Toronto, Canada. 


H. B. Lange, formerly located in New York, has become associated with the 
\merican Optical Co., Southbridge, Mass., along lines of scientific management. 


D. J. Lewis, Jr., has retired as manager of the Bundy department of the 
\merican Radiator Co., New York, and is now sales manager of the Lytton 
Manufacturing Corporation, New York. 


J. R. McColl, of the firm of Ammerman, McColl & Anderson, has been 
appointed Dean of the newly organized engineering department of the Univer- 
sity of Detroit, hitherto known as Detroit College. 


Walter M. McFarland will represent the Society of Naval Architects at the 


fiftieth congress of the Institution of Naval Architects, to be held in London 
on July 4. 


Cornelius T. Myers, formerly associated with the Wisconsin Engine Co., 
Corliss, Wis., as assistant secretary and assistant treasurer, has become iden- 
tified with the General Motors Co., Detroit, Mich. 


Horace Field Parshall has been appointed chairman of the Central London 
Railway, London, England. — 


Louis E. Polhemus has accepted a position with the Cubo Mining & Milling 
Co., Guanajuato, Mexico. He was until recently connected with the Mexi- 
can Light and Power Co., Necaxa, Mexico, as assistant master mechanic, 
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W. L. Saunders, president of the Ingersoll-Rand Co., New York, has been 
elected a director of the International Harvester Co. 


Rupert K. Stockwell has accepted a position with the Tennessee Copper Co., 
Copperhill, Tenn. He was until recently associated with the Alpha Portland 
Cement Co., Easton, Pa., in the capacity of assistant general superintendent. 


Charles E. Sweet has been appointed general superintendent of the North- 
way Motor and Manufacturing Co., Detroit, Mich. 


C. N. Thorn has resigned his position of purchasing agent of Hugh Kelly 
& Co., New York, to become affiliated with the Allied Machinery Co. of Amer- 
ica, New York, in the capacity of assistant general manager. 


Paul C. Van Zandt has become district manager of Stephens-Adamson Man- 
ufacturing Co., Chicago, Ill. He was formerly connected with the cement 
department of the Allis-Chalmers Co., Chicago, IIl. 


W. M. White, formerly hydraulic engineer with the I. P. Morris Co., Phil- 
adelphia, Pa., has assumed the duties of manager and chief engineer of the 
hydraulic turbine department of Allis-Chalmers Co., Milwaukee, Wis. 





ACCESSIONS TO THE LIBRARY 
Wirn CoMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Liste of accessions to the 


libraries of the A. I. E. E. and A. 1. M. E. can be secured on request from Calvin W. Rice, 
Secretary, Am.Soc.M.E. 


AMERICAN TELEPHONE AND TELEGRAPH Company. Annual Report of the 
Directors to the Stockholders. 1910. New York, 1911. Gift of the com- 
pany. 

ASSOCIATION OF AMERICAN PorRTLAND CEMENT ManuractTourers. Bulletin 
Nos. 1, 12, 18, 19, 20. Philadelphia. Gift of the association. 

BuILDING FOR Prorit. By R. P. Bolton. New York, 1911. Gift of author. 

Cuitton Agro Directory. Vol. 1, No. 1, 1911. Philadelphia, 1911. Gift 
of Chilton Company. 

Coat Wasuine. By G. H. Williams. Chicago. Gift of Foust Concentrator 
Company. 

CoMPOSITION AND Heat TREATMENT OF STEEL. By E. F. Lake. New York, 
McGraw Hill Book Co., 1911. 

The author has condensed in this work much information as to the composi- 
tion, properties and treatment of modern compound steels, which would other- 
wise be found in scattered articles in periodicals. There are special chapters 
on annealing, tempering and hardening, and a timely description of the elec- 
tric furnace. This summary of modern methods of steel manufacture is a 
welcome addition to the literature of the subject. The work is profusely 
illustrated. 

Conereso CrentiFico (PAN AMERICANO) Crenctas Juripicas. VI Seccion. 
Vol. 7. Santiago de Chile, 1910. 

——Ciencias Economicas y Sociales. V{ISeccion. Vol.8. Santiago de Chile, 
1911. Gift of Scientific Congress. 

CONSTRUCTION AND WORKING OF INTERNAL COMBUSTION ENGINEs. By R. E. 
Mathot. New York, D. Van Nostrand Co., 1911. 

The author is a member of The American Society of Mechanical Engineers, 
a consulting engineer at Brussels, and this edition is a translation made by an 
English engineer. The work is of interest especially for its description of the 
construction of Continental and British engines of the larger powers; the details 
of construction of the various parts are fully treated, and a table of tests is 
given. There is also a short bibliography and a list of engine builders. 
DAMPFKESSEL-FEUERUNGEN ZUR ERZIELUNG EINER MOGLICHST RAUCHFREIEN 

VERBRENNUNG. Ed. 2. By F. Haier. Berlin, 1910. 

EVAPORATING CONDENSING AND CooLine Apparatus. By E. Hausbrand. 
Translated from the second revised edition by A. C. Wright. London, 
1908. 
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FORTSCHRITTE DER TECHNIK. Vols. 1-2, 1909. Berlin, 1909. 

Great Britain StaTisTicAL DgePaRTMENT. Statistical Abstract for the 
Principal and Other Foreign Countries and Each Year from 1898-1908, 
1909. No. 36. London, 1911. 

HaNnpBOOK oF Mopern STEAM Frire-Enaines. Ed. 2. ByS. Roper. Phila- 
delphia, 1889. 

History or Mrcuanics. By D. H. Ray. Lancaster, 1911. Gift of author. 

HOLLAND AND COLONIES PATENT Law or Nov. 7, 1910. Translated by A. E. 
Doyer. 1911. Gift of A. E. Doyer. 

Hupson Futon CELEBRATION. Vols. 1-2, 1909. Albany, 1910. Gift of Hud- 
son Fulton Celebration Commission. 

Inurnois Society oF ENGINEERS AND Surveyors. 26th Annual Report, 
1911. Chicago, 1911. Gift of the soc.ety. 

INTERNATIONAL NIAGARA COMMISSION. Projects of Cuenod, Sautter and 
others; Levy and Vigreux, Vigreux and Féray; Popp and Riedler, Lupton 
and Sturgeon, Pelton and Norwalk. 1890. 

—Report on Utilization of the Falls of Niagara by Means of Electricity. 
1890. 

——Proceedings, 1890. 

—Designs of Niagara Falls Power Plant. Gift of Dr. William C. Unwin. 

Iowa Enatneerine Society. Proceedings of the 23rd Annual Meeting. 
Iowa City, 1911. Gift of the society. 

LoGARITHMIC TRIGONOMETRICAL TaBLEs. Vol. 2. By J. Bauschingerand J. 
Peters. Leipzig—New York, 1911. 

MarRINE ENGINE Desien. By E. M. Bragg. New York, D. Van Nostrand Co., 
1911. 

MonicipaL Exectric Lignt INVESTIGATING COMMITTEE OF MARBLEHEAD, 
Mass.,.Report To. By C. W. Whiting. Boston. Gift of author. 

MtncHEn-K6NIGLICHE TECHNISCHE HocuscHuULE. Bericht, 1909-1910. Miin- 
chen, 1911. Gift of Kénigliche Technische Hochschule zu Miinchen. 

NEED OF EpucaTED MEN IN INpustTRIAL Arrairs. By F. H. Taylor. (Lec- 
ture at Cambridge University, May 15, 1911.) 

NewcrcLeE Motor. An Improved Type of Gas, Gasoline and Oil Engine, 
Description of. Gift of Newcycle Motor Company. 

New York Strate AGRICULTURE DEPARTMENT. Proceedings of the 7l|st 
Annual Meeting of the New York State Agricultural Society, 1911. (Bul- 
letin No. 23.) Albany, 1911. Gift of the department. 

PRINCIPLES OF ScIENTIFIC MANAGEMENT. By F. W. Taylor. New York, 
Harper & Bros., 1911. 

The work of Mr. Taylor, Past-President of The American Society of Mechan- 
ical Engineers, has aroused more popular interest than any other engi- 
neering discussion. No engineer in active practice can afford not to read 
this book; indeed, it is worthy the careful consideration of the thinkinglay- 
man. 

PRODUCTION OF MALLEABLE CastTiINGs. By Richard Moldenke. Cleveland, 1910. 

Raitway StaTion Service. By B.C. Burt. NewYork, J. Wiley & Sons, 1911. 

The substance of this work was first made public in a short course of lec- 
tures delivered by invitation before the class on railway administration at 
Michigan University in 1909. The author has derived his knowledge from 
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experience of a dozen or more years on two leading lines of the West. The 

book, although not designed as a manual explaining in a matter-of-fact way, 

either in complete detail or in outline, what things must be done at a railway 
station or how to do them, does state with some fullness the leading features of 
railway station service as matters of prescribed routine, and especially gives 
an insight into the general condition, spirit and principles of such service. 

No other work has been published covering so intelligently the work of the 
local railroad representative and this should therefore be of great value both 
as a text books for students of railway matters and as a manual for station 
agents. 

Suaar Macuinery. Ed.2. ByA. J. Wallis-Tayler. London-New York. 

Tueory or Jon1zaTIon oF Gases By CoLiision. By J. 8. Townsend. New 
York, D. Van Nostrand Co., 1910. 

Unitep States OrpNANCE DeparTMENT. Report of the Tests of Metals. 
Vols. 1-3, 1909. Washington, 1910. 

UNIVERSITY OF PENNSYLVANIA ENGINEERING ALUMNI Society. Annual 
Report, By-Laws and List of Members, April 1911. Philadelphia, 1911. 
Gift of the University. 

UNIVERSITY OF TENNESSEE. Register, 1910-1911. Knozville, 1911. Gift 
of the University. 

Woop Preservers’ AssociaTION. Report of Proceedings of 2d, 3d, 5th-7th 

Annual Meetings. 1906-1907, 1909-1911., Gift of the association. 








EXCHANGES 


AMERICAN SOcIETY OF AUTOMOBILE ENGINEERS. 
New York, 1910. 

CANADIAN Socrety or Crvit Eneinegers. Charter, By-Laws and List of Mem- 
bers, 1911. Montreal, 1911. 

——Report of Annual Meeting. Vol. 25, 1911. Montreal, 1911. 

ELECTRIFICATION OF Raitways (except minutes of Proceedings of the Joint 
Meeting of The Institution of Mechanical Engineers and The American 
Society of Mechanical Engineers, July 29, 1910). London, 1910. 

INSTITUTION OF CiviL ENGINEERS. List of Members, 1910. London, 1910. 

INSTITUTION OF MECHANICAL ENGINEERS. List of Members, 1911. London, 

1911. 


Society or AUTOMOBILE ENGINEERS. Transactions. Vol. 4, 1909. New 
York, 1909. 


Transactions. Vol. 5, 1910. 





TRADE CATALOGUES 


AssocIATION OF LICENSED AUTOMOBILE ENGINEERS, New York. Handbook 
of gasoline automobiles, 1911. 274 pp. 

Bristot Co., Waterbury, Conn. Bull. 146A, long-distance recording tach- 
ometer, 2 pp.; Bull. 147A, radii averaging instrument for circular chart 
records, 7 pp. 

BrucEe-MacBetH ENGINE Co., Cleveland, O. Vertical multi-cylinder gas en- 
gines, 31 pp. 


A. D. Granaer Co., Philadelphia, Pa. Bull. 1, steel tanks, 15 pp. 
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Hess-Bricgut Mra. Co., Philadelphia, Pa. Cranehook thrust ball bearing 
mounting, 2 pp.; Typical mounting for high-speed spingle with pulley, 
1 p.; Mounting ball bearing for radial load, 4 pp. 

INDUSTRIAL INSTRUMENT Co., Foxboro, Mass. Foxboro Recorder, vol. 3, 
no. 1, containing papers on the manufacture of instruments, 15 pp. 

Kevurret & Esser Co., New York. Slide rules, 14 pp. 

Cuas. T. Marn, Boston, Mass. Industrial plants designed and built, 61 pp. 

Mississippi WirE Guass Co., New York. Wire glass in modern construction, 
8 pp. 

H. Mue.uter Mre. Co., Decatur, Ill. Water, gas and plumbing, brass goods 
and tools, catalogue D, 1911, 600 pp. 

NiLes-BEMENT-Ponp Co., New York. Progress Reporter, April 1911, on 
reversing motor planers, 20 pp. 

Wo. Powett Co., Cincinnati, O. Catalogue 10, plumbing and steam fitting 
supplies, 326 pp. 

Sranparp Tuirp Rat Co., New York. W-S standard under-running third 
rail, 24 pp. 

WeEsTINGHOUSE MacuINE Co., East Pitisburg, Pa. Circular W. M. 504, new 
model Roney mechanical stoker, 44 pp. 


UNITED ENGINEERING SOCIETY 


EaGue ALMANAC, 1911. Brooklyn, 1911. 

INTERNATIONAL WATERWAYS CoMMISSION. Report on Regulation of Lake 
Erie, 1910. Buffalo, 1910. Gift of the commission, American section. 
Morton Memoriat. A History of the Stevens Institute of Technology. 

Hoboken, 1905. Gift of A. C. Humphreys. 

PRELIMINARY REPORT ON THE Rock ASPHALT, ASPHALTITE, PETROLEUM, AND 
Natura. Gas IN OKLAHOMA. Bulletin No. 2, Oklahoma Geological Sur- 
vey. Norman, 1911. Gift of Oklahoma Geological Survey. 

SanITARY CoDE OF THE Boarp or Heats, City or New York, 1910. New 
York, 1910. Gift of New York Department of Health. 

TRIBUNE ALMANAC, 1911. New York, 1911. 

Wortp Atmanac, 1911. New York, 1911. 








EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


0102 Wanted, man to take charge of cost work of a manufacturing concern 
of high grade machinery. Must be capable of doing estimating work, making 
proper comparative records and able to make recommendations to manufac- 
turing department for cost reductions. Location New England. Applicant 
should state age, experience, and salary expected. 


0103 Chief Draftsman. American with technical training preferred; 
should have had considerable experience in designing hoisting equipment. 
Location Iowa. 


0104 Assistant professor of mechanical engineering to teach mechanics and 
assist in mechanical laboratory and general design work. Prefer a man with 
two or three years of practical experience. Location New England. 


0105 High grade machine tool salesman or selling engineer, preferably a 
man about 35 having had shop and some commercial experience, and technical 
education capable of recommending equipment. Location Middle West. 


0106 Engineering superintendent in small marine engineering plant. Must 
be capable of designing, handling and installing small marine engines, boilers, 
gasolene motors and their auxiliaries and of superintending the manufacture of 
same. Location Massachusetts. 


0107 Young engineer, college graduate, some knowledge of electricity 
good mechanician, with aptitude for sketching and building models, etc. 
salary $100 a month to start. Location Connecticut. 


0108 Member, prepared to go into partnership or associate with a manu- 
facturing concern where in lieu of portion of salary will be given interest in the 
business. Equipped with all-round research and manufacturing experience in 
electrical and mechanical work. 
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MEN AVAILABLE 


232 Technical graduate, four years experience in plant engineering in al! 
phases, including cost reduction, accounting, tool systems, plant power oper- 
ations, construction and maintenance, combined with extensive study of 
scientific management and accounting. Now employed. Thoroughly accus- 
tomed to handling men and working on own responsibility. 


233 Graduate Mass. Inst. Tech., position with progressive manufacturing 
company or engineering firm. Experienced in power house design, supervision 
of construction. Last six years general manager of company employing 200 
men. New England preferred. 


234 Mechanical engineer extensive experience in the gasification of Ameri- 
can fuels in gas producers, desires the association of capitalist or manufacturer 
in the building up of a line of gas producers from approved and well tried 
designs, for power, fuel and industrial applications. 


235 Junior member, technical graduate, 6 years’ experience in shop and 
drafting room. At present in charge of a small drafting room. 


236 Junior member, M. E. Cornell. Five years practical experience in 
railroad shop and engineering work, special investigations in fuel and water 
economy. One year spent in Europe studying fuel economy and railroad 
engineering. Seeks connection with consulting engineers on power plant 
economy or industrial concern manufacturing railroad equipment. At pres- 
ent employed. 


237 Member resident in Pittsburg, an experienced manufacturers’ agent of 
standing and ability,wishes to secure the agency for steam or gas engine, steam 
or hydraulic specialties. 


238 Mechanical engineer, technical graduate, junior member, age 29; expe- 
rience covers designing and estimating costs with contracting engineer, manu- 
facturing company in charge of work, executive with contracting company, 
at present employed; will consider position as branch or assistant manager, 
contract or sales engineer; prefers position in commercial work requiring tech- 
nical training. 


239 Junior member, 31, married, desires position as sales engineer, man- 
ager or similar position for power plant machinery of any kind; particularly 
familiar with pumping machinery, heaters and engines of all sizes and types. 
Designed several successful pumping plants. Good executive ability and 
successful salesman. At present employed but desires change. East pre- 
ferred. 


240 Sales engineer, college graduate, desires change; with present employer 
seven years, engaged in sale and installation of large power plants involving 
all types of prime movers. Will consider employment with banking interests, 
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in public utility corporations or executive position with operating company. 
Age 30 years. 


241 Mechanical engineer, experienced in engineering and physical research, 
formerly in charge of design and construction of internal combustion engines, 
small and large, gas producers, and power stations, will undertake development 
or extension of product of manufacturing company. 


242 Junior member, technical graduate, at present employed on the engi- 
neering staff of large corporation. Experienced in erection, testing and oper- 
ation with a good knowledge of management. Desires a position where exec- 
itive ability combined with mechanical knowledge is essential, in or near 
Philadelphia. 


243 Member seeks a position as superintendent of machine shops, foundries, 
ete. Extensive experience in the building of heavy engines, air compressors, 
pumps, conveying and power transmission machinery. 


244 Young engineer, 10 years practical shop and drafting experience, desires 
o connect with responsible engineering or contracting firm where there is 
opportunity for advancement. 


245 Mechanical engineer, nine years experience, now in charge of six power 
plants, desires to connect with power or manufacturing concern, vicinity of 
New York, as assistant mechanical engineer or assistant superintendent. 


246 Associate, mechanical engineer, technical graduate, ten years general 
engineering experience, at present in business as consulting engineer, wishes 
employment as mechanical engineer in manufacturing or engineering firm in 
or near New York City. Experienced in design and operation, power and man- 
ufacturing plants. 


247 Member, experienced in erection and operation of turbines, both large 
and small units, also miscellaneous railway and power systems apparatus. 
Ability in organizing and training men. 


248 Technical graduate, two years experience mechanical drafting and shop 
work, would like to connect with company manufacturing machinery, prefer- 
ably gas engines, with view to working into sales or engineering department. 


249 Junior member, age 27, technical education, eight years experience, 
at present employed by a public service holding corporation as mechanical 
engineer, operation, improvements, design and construction of power plants, 
handling of details of purchasing apparatus and closing of contracts and valua- 
tions of existing properties; desires change of position. 
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CHANGES OF ADDRESS 


ADAMS, Thomas D. (Junior, 1906), Werner & Pfleiderer, Saginaw, Mich., 
and for mail, Westport, Conn. 

ALLEN, Albert Mark (1903; 1908), Cons. Engr., 1900 Euclid Ave., and 1503 
E. 118th St., Cleveland, O. 

ARMSTRONG, Wm. M. (Junior, 1894), Treas., Corrugated Bar Co., Bank of 
Commerce Bldg., and 5154 Westminster Pl., St. Louis, Mo. 

ARNOLD, George, Jr. (1904), Cleveland Frog & Crossing Co., and for mail, 
8217 Brookline Ave., Cleveland, O. 

BAILEY, T. S. (1896; 1905), New London Ship & Eng. Co., Groton, Conn. 

BANTA, Earle Jackson (1907), Genl. Sales Mgr., Davenport Loco. Wks., Dav- 
enport, Iowa. 

BEHREND, Bernard A. (1909), Elec. and Mech. Engr., 442 John Hancock 
Bldg., 200 Devonshire St., Boston, Mass. 

BILLINGS, A. W. K. (1909), care of Dr. F. 8. Pearson, 25 Broad St., New York, 
> - 

BIRD, Paul P. (1907), Commonwealth Edison Co., 120 W. Adams St., and for 
mail, 1365 E. 48th St., Chicago, Ill. 

BLAUVELT, Albert (1896), Asso. Mgr., West. Factory Ins. Asso., N. Y. Life 
Bldg., 39 S. La Salle St., Chicago, Il. 

BLUMGARDT, Isaac E. (Associate, 1908), 5 Woodcourt, Tarrytown, N. Y. 

BOLLES, Frank G. (Associate, 1901), Advance Sales Corp., 50 Church St., 
New York, N. Y. 

BOLTON, Reginald Pelham (1898), Cons. Expt., Pres., The R. P. Bolton Co., 
55 Liberty St., and 638 W. 158th St., New York, N. Y. 

BRINTON, Willard Cope (Junior, 1907), Asst. V. P., U. 8S. Motor Co., 61st 
St. and Broadway, and Harvard Club, 27 W. 44th St., New York, N. Y. 

BROWN, Will H. (1909), Sales Agt., Toledo Elec. Welder Co., 706 Rose Bldg., 
Cleveland, and Willoughby, Lake Co., O. 

BUCKLER, Albert H. (Junior, 1905), care of Inspr., Third Light House Dist., 
Tompkinsville, N. Y. 

BURGOON, Charles Eli (1907), Burgoon-Matthews Elec. Co., 31 Luckie St., 
Atlanta, Ga. 

BURTON, J. Harry (Junior, 1906), Lock Box 299, Portland, Ore. 

CASE, Albert H. (Junior, 1903), Asst. Mgr., Tenn. Copper Co., Copperhill, 
Tenn. 

CHISHOLM, John James (Associate, 1904), Supt. of Power, Tenn. Coal, 
Iron & R. R. Co., Ensley, Ala. 

CLAPP, Geo. H. (1891), cor. 7th and Bedford Aves., Pittsburg, and Edgeworth, 
Pa. 
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CLARK, Farley Granger (1907), Supt., Westinghouse Elec. & Mfg. Co., East 
Pittsburg, and for mail, 6706 Penn Ave., Pittsburg, Pa. 
CLARKE, Chas. L. (1882), Pat. Expt., Elec. and Mech. Engr., 30 Church St., 
New York, N. Y., and Plainfield, N. J. 
DARBY, John Henry (1901), Howard Chambers, 155 Norfolk St., Sheffield, 
England. 
DAVIDSON, Charles Jackson (1904), Member of Firm, Woodmansee, David- 
son & Session, Inc., 1048 First NatI. Bank Bldg., Chié¢ago, III. 
DEARBORN, Wm. Langdon (Junior, 1892), Calle Enna No. 1, Apartado 
1289, Havana, Cuba. 
DILLARD, Capt. James B. (1907; Associate, 1909), Inspr. of Ordnance, U. 8. 
A., care of Newport News Shipbuilding & Dry Dock Co., Newport News, 
Va. 
DOUGLAS, Courtney Carlos (1904; Associate, 1908), Commer. Engr., Steam 
Turbine Dept., Genl. Elec. Co., Monadnock Bldg., Chicago, IIl. 
EILERS, Karl Emrich (1890; 1904), Am. Smelting & Refining Co., 165 Broad- 
way, New York, and for mail, Sea Cliff, L. I., N. Y. 
FAILE, E. H. (Junior, 1907), Mech. Engr., 50 Church St., and for mail, 21 
Claremont Ave., New York, N. Y. 
FRANK, Edwin (Junior, 1909), Bergdrisch 21!, Aachen, Germany. 
GERNANDT, Waldo George (Junior, 1910), Ch. Draftsman, Carriage Chassis 
Dept., Packard Motor Car Co., and for mail, 940 Cass Ave., Detroit, Mich. 
GLEASON, Gilbert Howe (Junior, 1906), V. P., The Dexter Engr. Co., Inc., 
Providence, R. I. 
GUCKEL, Charles Henry (Junior, 1901), Nampa, Idaho. 
GUMP, Walter B. (Junior, 1902), Mech. and Elec. Engr., 408 Union League 
Bldg., and 2510 Juliet St., Los Angeles, Cal. 
GUCKEL, Charles Henry (Junior, 1901), Genl. Mgr., The Swan Falls Power 
Co., Nampa, Idaho. 
HANSON, Walter S. (Associate, 1902), Mgr., Hollis Cotton Oil, Ice & Light 
Co., Hollis, Okla. 
HARRISON, Edwin 8. (Junior, 1905), P. O. Box 201, Evansville, Ind. 
HILLYER, George, Jr. (1898; Associate 1904), Broad River Granite Co., Can- 
dler Bldg., and for mail, 568 W. Peachtree St., Atlanta, Ga. 
JALONICK, Hartwell (Junior, 1909), Designing and Cons. Engr., Mills Bldg., 
El Paso, Texas. 
KELMAN, John H. (1904), 194 Lefferts Pl., Brooklyn, N. Y. 
KEMBLE, Parker H. (1908), Genl. Sales Mgr., Toronto Elec. Light Co., 
Toronto, Canada. 
KING, George I. (1901), Ch. Engr., Stand. Steel Car Co., and for mail, 200 
Brady St., Butler, Pa. 
KOLLBERG, Gustaf Leonard (1910), Engr., Pumping Eng. Dept., Allis- 
Chalmers Co., and for mail, 280 31st St., Milwaukee, Wis. 
LANGE, Heinrich Bartels (Junior, 1910), Am. Optical Co., and for mail, 37 
Everett St., Southbridge, Mass. 
LAVERY, George L. (1886), Lavery-Taylor Realty Co., 1122 Bryn Mawr Ave., 
and 5453 Kenmore Ave., Chicago, IIl. 
LEWIS, David J., Jr. (1892), Sales Mgr., Lytton Mfg. Corp., 1159 Hudson 
Terminal Bldg., 50 Church St., New York, N. Y. 
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LYON, J. Lawrence (Junior, 1906), 767 Lincoln Pl., Brooklyn, N. Y. 

McCOLL, J. R. (1903), Member of Firm, Ammerman, McColl & Anderson, 
1330-1332 Penobscot Bldg., and Dean Engrg. Dept., Univ. of Detroit; also 
9 Gladstone Ave., Detroit, Mich. 

McDEWELL, Horatio S. (Junior, 1908), Allis-Chalmers Co., 71 Broadway, 
New York, and for mail, Cementon, N. Y. 

McMULLIN, Frank V. (1903), 2313 Farmers Bank Bldg., Pittsburg, Pa. 

MATTSSON, A. Geo. (1892), Ch. Engr., Great Lakes Engrg. Wks., and for 
mail, 199 Palmer Ave., E., Detroit, Mich. 

MAYSILLES, John Henry (1901; 1910), Supt., Davenport Loco. Wks., and for 
mail, 1719 Brady St., Davenport, Iowa. 

MILLER, John 8S. (1900; 1907), Sales Engr., Yuba Constr. Co., and for mail, 
625 H St., Marysville, Cal. 

MILLHOLLAND, William Knox (1907), Pres., W. K. Millholland Mch. Co., 
Industrial Bldg., 10th and Canal Sts., and for mail, 2857 N. Capitol Ave., 
Indianapolis, Ind. 

MONTAGUE, Chas. Dwight (1905), 2563 Bedford Ave., Brooklyn, N. Y. 

MURRIE, John L. (Junior, 1905), Ford, Bacon & Davis, 115 Broadway, New 
York, N. Y. 

MYERS, Coznelius T. (Associate, 1908), Mech. Engr., Genl. Motors Co., 
and for mail, 127 Woodward Ave., Detroit, Mich. 

NICHOLL, John Seymour (Junior, 1909), with Walter B. Snow, 170 Summer 
St., Boston, Mass. 

NORTON, Fred Elmer (1907), Genl. Elec. Co., West Lynn, and for mail, 22 
Atlantic St., Lynn, Mass. 

O’NEIL, Frederick Wm. (1901; 1908), Mgr. of Sales, Nordberg Mfg. Co., 
Milwaukee, Wis. 

PARK, Walter E. (1903), Box 1562, Cape Town, S. A. 

PENNINGTON, James H. (1902), Supt. Constr. and Power, Am. Smelting 
& Refining Co., and for mail, 734 Roland Ave., Baltimore, Md. 

POLHEMUS, Louis Edward (Junior, 1909), Mech. and Elec. Engr., Cubo 
Min. & Milling Co., Apartado 49, Guanajuato, Mex. 

REED, William E. (1898), 71 Broadway, and for mail, The Van Dyck, 175 W. 
72d St., New York, N. Y. 

REPATH, Charles H. (1891), P. O. Box 841, Douglas, Ariz. 

RIDDLE, Howard Sterling (1905), V. P., Weinman Pump Mfg. Co., Columbus, 
and for mail, Route 2, Shepard, O. 

RIDGELY, Wm. Barret (1880; 1895), 1908 Q St., N. W., Washington, D. C. 

RIGGS, John D. (Junior, 1892), Draftsman, O. C. P. W., and for mail, 422 N. 
Main St., South Bend, Ind. 

RILEY, Robert Sanford (1906), 381 Wayland Ave., Providence, R. I. 

SCHAEFFLER, Joseph C. (1900; 1904; 1907), Joseph C. Schaeffler & Co., 73 
Tremont St., Boston, Mass., and 38-40 W. 32d St., also 151 W. 91st St., 
New York, N. Y. 

SHAW, Charles H. (Associate, 1906), West. Sales Mgr., Potter & Johnston Mch 
Co., 967 National Ave., Milwaukee, Wis. 

SHEPPARD, John Leefe, Jr. (Associate, 1906), N. E. Engrg. Co., 50 Church 
St., New York, N. Y. 
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SICKLES, Eugene Charles (1896; 1904), Supt. Power Plants, B. & O. R. R.., 
Central Bldg., and 844 N. Carey St., Baltimore, Md. 

SMITH, Jesse M. (1883), Manager, 1891-1894; Vice-President, 1894-1896; 
1899-1901 ; President, 1909; Life Member; Mech. and Elec. Engr. and Expt. 
in Pat. Causes, Rm. M-14, 220 Broadway, and 120 Riverside Drive, New 
York, N. Y. 

SMITH, Roy B. (Junior, 1905), Asst. M. P. Inspr., Pa. Lines West, and for 
mail, 218 King Ave., Columbus, O. 

STEVENS, Wm. N. (Junior, 1886), V. P., Conveying Mchy. Co., 120 Liberty 
St., New York, and 243 Brooklyn Ave., Brooklyn, N. Y. 

SWAN, John Joseph (1899; 1909), Chicago Pneu. Tool Co., 50 Church St., 
New York, N. Y., and Plainfield, N. J. 

SWEET, Charles E. (1907), Genl. Supt., Northway Motor & Mfg. Co., Detroit, 
Mich. 

SYMINGTON, E. Harrison (Associate, 1903), Mech. Expt., T. H. Symington 
Co., Md. Trust Bldg., Baltimore, Md. 

SYMONDS, Nathaniel Gardiner (Junior, 1905), Sales Engr., Westinghouse 
Mch. Co., ‘407 Traction Terminal Bldg., Indianapolis, Ind. 

THORN, Charles Norman (Associate, 1910, Asst. Genl. Mgr., Charge of N. Y. 
Office, Allied Mchy. Co. of Am., 55 Wall St., New York, N. Y. 

VAN ZANDT, Paul C. (1900; 1907; 1909), Dist. Mgr., Stephens-Adamson Mfg. 
Co., 1055 First Natl. Bank Bldg., Chicago, Ill. 

WADLEIGH, George R. (1907), Engr., Bemis Bros. Bag Co., and 4258 Shaw 
Ave., St. Louis, Mo., and for mail, Bemis, Tenn. 

WARNER, Worcester R. (1880), Manager, 1890-1893; President, 1897; Pres., 
Warner & Swasey Co., Cleveland, O., and for mail, Wilson Park, Tarry- 
town, N. Y. 

WEGG, David S., Jr. (Junior, 1909), Telluride House, Ithaca, N. Y., and for 
mail, 16 E. Ontario St., Chicago, IIl. 

WETMORE, Charles P. (1901), 518 Astor St., Milwaukee, Wis. 

WHITE, Wm. M. (1907), Mgr. and Ch. Engr., Hyd. Dept., Allis-Chalmers Co., 
and for mail, A 375 Lake Drive, Milwaukee, Wis. 

WILKINSON, Cecil Tom (Junior, 1908), 8 Culmington Rd., Ealing, London, 
W., England. 

WILKINSON, Thomas L. (1894; 1905), Cons. Mech. Engr., 406 Boston Bldg., 
and 5833 Montview Blvd., Denver, Colo. 

WILLIAMS, Alan Gillespie (Junior, 1909), 672 Eagle St., Terre Haute, Ind. 

WINTERROWD, William H. (Junior, 1907), Asst. Engr., Mech. Dept., Lake 
Shore & Mich. So. Ry. Co., Genl. Offices, and for mail, 156 Carlyon Rd., 
Cleveland, O. 


NEW MEMBERS 


\RNOLD, Anthony Brown (1911), Asst. Engr., Am. Agri. Chem. Co., 92 State 
St., Boston, Mass.” 

\RTER, Wilbur D. (Junior, 1911), — Engr., N. Y. C: & H. R. R. R. Co., 
and for mail, 332 W. 58th St., New York, N. Y. 


BAQUET, Camille, Jr. (1911), Supt., Valley Iron Wks.,; Box 34, Williamsport, 
Pa. 
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BAUSCH, Carl L. (Junior, 1911), Industrial Engr., Bausch & Lomb Optical 
Co., Rochester, N. Y. 

BAYNE, George Henry (1911), Mech. Engr., Pa. Coal & Coke Co., 17 Battery 
Pl., New York, N. Y. 

BERRESFORD, Arthur W. (1911), V. P. and Genl. Mgr., The Cutler-Hammer 
Mfg. Co., Milwaukee, Wis. 

BOBLETT, Kinderman M. (Associate, 1911), Radiator Expt., The Kinsey 
Mfg. Co., Toledo, O. 

BONNETT, L: B. (1911), Civ. Service Examiner, Mech. Engr., Municipal 
Civil Service Com., 299 Broadway, New York, N. Y., and for mail, 310 
W. Jersey St., Elizabeth, N. J. 

BUCK, Lucien (Junior, 1911), Engr., The Champion Fibre Co., and for mail, 
Box 428, Canton, N. C. 

BURROUGHS, Joseph Howell, Jr. (Junior, 1911), 226 W. 140th St., New York, 
N. Y. 

CARISS, Carington Carysfort (Junior, 1911), Ch. Draftsman, E. Leonard & 
Sons, and for mail, 396 Glebe St., London, Ont., Canada. 

COLE, Fred Baker (1911), Prin. Asst. Engr., Chas. T. Main, 201 Devonshire 
St., Boston, Mass. 

DAVIS, Leon Keith (1911), Engr., Mfrs. Mut. Fire Ins. Co., 815 Banigan Bldg., 
Providence, R. I. 

D OLIER, William Livingston (1911), Pres., D’Olier Engrg. Co., 1304 Morris 
Bldg., Philadelphia, Pa. 

FABENS, Andrew Lawrie (Junior, 1911), Apprentice Sales Dept., Aluminum 
Co. of Am., Pittsburg, and for mail, 501 Sixth Ave., New Kensington, Pa. 

FINCH, Ellis Jerome (Junior, 1911), Asst. to Supt., Pittsburg Plate Glass Co., 
Crystal City Plant, and for mail, Box 736, Crystal City, Mo. 

FORD, William Lucas (1911), N. E. Sales Mgr., Murphy Iron Wks. of Detroit, 
Mich., Rm. 520, 35 Federal St., Boston, Mass. 

GILBERT, E. E. (1911), Sales Mgr., Turbine Dept., Genl. Elec. Co., Schenec- 
tady, N. Y. 

GOING, Charles Buxton (1911), Managing Editor, The Engineering Magazine, 
140 Nassau St., New York, N. Y. 

GREENWALL, Walter L. (1911), Asst. Ch. Draftsman, Nordberg Mfg. Co., 
and for mail, 534 Logan Ave., Milwaukee, Wis. 

HALL, Harris Forster (1911), Member of Firm, Wright-Hall Engrg. Co., 
Fisher Bldg., Chicago, IIl. 

HAMMOND, Myram Hance (1911), Genl. Supt., Knickerbocker Portland 
Cement Co., Hudson, N. Y. 

HARTWELL, Arthur Edward (Junior, 1911), Dir. Mech. Engr. and Asst. 
Mgr., Hartwell Iron Wks., and for mail, 1209 Webster Ave., Houston, Tex. 

HOBBS, Franklin Warren (1911), Treas. and Exec. Officer, Arlington Mills, 
78 Chauncey St., Boston, Mass. 

HONYWILL, Albert William (Junior, 1911), 171 Ellsworth Ave., New Haven, 
Conn. 

HOWELL, Sylvester 8. (1911); Cons. Engr., Chamberlain & Howell, 1522 
Marquette Bldg., Chicago, IIl. 

HUBBARD, Carleton Waterbury (Junior, 1911), Engr., Mianus Motor Wks., 
Stamford, and for mail, Greenwich, Conn. 
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HUMES, W. Sharon (1911), Sales Engr., Genl. Ry. Supply Co., 531 Marquette 
Bldg., Chicago, Ill. 

JOHNSTON, William Atkinson (1911), Assoc. Prof. of Mech. Engrg., Mass. 
Inst. of Tech., Boston, Mass. 

KNOX, Clarence M. (Junior, 1911), Mech. Engr., 281 Wethersfield Ave., Hart- 
ford, Conn. 

KOESTER, Herman (Junior, 1911), Mech. Supt., The Bristol Co., and for mail, 
66 Holmes Ave., Waterbury, Conn. 

KRAEMER, Milton (Junior, 1910), Mech. Engr., A. & F. Brown Co., 172 
Fulton St., and for mail, 318 W. 51st St., New York, N. Y. 

LAMAR, Philip Rucker (1911), Asst. to V. P., The So. Cotton Oil Co., Augusta, 
Ga. 

LEISEN, Theodore Alfred (1911), Ch. Engr. and Supt., Louisville Water 
Co., and for mail, 435 Third St., Louisville, Ky. 

LEWIS, Frederick Humphreville (1911), Cons. Engr., 732 Brown-Marx Bldg., 
Birmingham, Ala. 

LOEB, Leo (Junior, 1911), Asst. in Mech. Engrg.. Rensselaer Poly. Inst., and 
for mail, 4 Locust Ave., Troy, N. Y. 

LYDECKER, Kenneth (Junior, 1911), Field Engr., Natl. Bd. of Fire Under- 
writers, 135 William St., New York, N. Y. 

MAGUIRE, Jeremiah De Smet (1911), 30 Church St., New York, N. Y. 

MEYER, Erwin Charles (Junior, 1911), Draftsman, E. W. Bliss Co., Brooklyn, 
and for mail, 563 W. 183d St., New York, N. Y. 

MILNER, Bert Branson (Junior, 1911), Pa. R. R. Co., Wilmington, Del. 

MULLHAUPT, Alfred, Jr. (Junior, 1911), Engrg. Dept., Buffalo Forge Co., 
and for mail, Y. M. C. A., Buffalo, N. Y. 

MORSE, Arthur Holmes (1911), Mech. Engr., The Baldwin Co., and for mail, 
2305 Nelson Ave., Cincinnati, O. 

NAILLER, Raymond Frederick (1911), Pres. and Gen. Mgr., The Enameled 
Pipe & Engrg. Co., Elyria, O. 

NEWMAN, Martin Freeze (1911), Asst. Mgr. Water Purifying Dept., Wm. 
B. Scaife & Sons Co., 221 First Ave., and for mail, 754 Sheridan Ave., 
Pittsburg, Pa. 

NICKERSON, John Winslow (Junior, 1911), Asst. Mech. Engr., Saylesville 
Bleacheries, Saylesville, R. I. 

NORTON, Arthur Edwin (1911), Asst. Prof. Mech. Drawing, Harvard Univ., 
and for mail, 303 Pierce Hall, Cambridge, Mass. 

OLIVENBAUM, John Emmanuel (1911), Instr. Steam Eng., Case Sch. 
of Applied Science, Cleveland, O. 

PACKARD, Horace Nelson (Junior, 1911), Instr. Mech. Engrg., Univ. of Wis. 
Extension Div., and for mail, 451 Woodstock Pl., Milwaukee, Wis. 

PERKINS, Julius A. (1911), Mech. Dir., Universal Roller Bearing Co., 25 
Broad St., New York, N. Y. 

PROUT, Henry Byrd (Junior, 1911), Secy., Turbine Equip. Co., 30 Church 
St., New York, N. Y. ; 

EA, James Childs (Junior, 1911), Asst. to Genl. Supt., Oliver Iron & Steel 
Co., Pittsburg, Pa. 


REID, Joseph Snively (1911), Secy., Ch. Engr. and Mech. Supt., Clark Bros. 
Co., Belmont, N. Y. 
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RICHARDSON, George Edward (Associate, 1910), Mill Power Engr., Gepl. 
Elec. Co., 84 State St., Boston, Mass. 

ROLLINS, William Benjamin (1911), Cons. Engr., Rollins & Westover, 535 
Beals Bldg., Kansas City, Mo. 

ROWE, Don Ray (Junior, 1911), Ch. Draftsman, Charge of Engrg. Wk., The 
Noyes Mfg. Co., Dayton, O. 

ROWELL, Henry K. (1911), Industrial Engr., Prin. Asst. Charge Organization 
Dept., Chas. T. Main, Boston, and for mail, 135 Dale St., Waltham, Mass. 

RUDDY, William (Junior, 1911), Asst. to Supt., W. A. Wood Mowing & Reap- 
ing Mch. Co., Hoosick Falls, N. Y. 

SCOTT, Charles Felton (1911), Cons. Engr., Westinghouse Elec. & Mfg. Co., 
Pittsburg, Pa. 

SESSIONS, Edson O. (1911), Member of Firm, Woodmansee, Davidson & Ses- 
sions, 1048 First Natl. Bank Bldg., and for mail, 5648 Winthrop Ave., 
Chicago, IIl. 

SMITH, Albert Samuel (1911), Ch. Engr., Mass. Inst. of Tech., Boston, and 
for mail, 32 Oakland St., Winthrop, Mass. 

STIX, Lawrence Cullman (Junior, 1911), Supt. of Erection, Internat]. Steam 
Pump Co., Cudahy, Wis. 

STODDARD, Elgin (1911), Mgr., Chas. C. Moore & Co., 99 First St., San Fran- 
cisco, Cal. 

SULZER, George H. (1911), Ch. Designer and Mgr., Centrifugal Pump Dept., 
Henry R. Worthington, Harrison, and for mail, 492 Devon St., Arlington, 
N. J. 

SWEET, Ernest E. (1911), Cons. Mech. Engr., and Ch. Engr., Cadillac Motor 
Car Co., and for mail, 195 Chandler Ave., Detroit, Mich. 

TALLMADGE, Webster (Junior, 1911), Erecting Engr., Steam Turbines, 
Westinghouse Mch. Co., New York, and for mail, 1312 54th St., Brooklyn, 
> - 

THIEMER, William H. (1911), M. M., The Winton Motor Carriage Co., and 
for mail, 9517 Willard Ave., Cleveland, O. 

THORKELSON, Halsten Joseph (1911), Assoc. Prof. Steam Engrg., Univ. 
of Wis., and for mail, 1526 W. Washington Ave., Madison, Wis. 

TRUETTE, Arthur Pierce (Junior, 1911), Asst. in Mech. Engrg., Mass. Inst. 
of Tech., Boston, and for mail, 130 Dean Rd., Brookline, Mass. 

WENTWORTH, Reginald Andrew (Junior, 1911), Industrial Engr., Dodge, 
Day & Zimmermann, and for mail, 2045 N. 63d St., Philadelphia, Pa. 

WHITNEY, Clarence Edgar (1911), Pres. and Genl. Mgr., The Whitney Mfg. 
Co., Hartford, Conn. 

WOODMAN, George A. (1911), Mech. Engr., Kirby Equip. Co., Peoples Gas 
Bldg., and for mail, 6752 Perry Ave., Chicago, IIl. 

ZIMMERMANN, William Frederick (Junior, 1911), Ch. Draftsman and De- 
signer, Gould & Eberhardt, and for mail, 42 Treacy Ave., Newark, N. J. 


PROMOTIONS 


ALEXANDER, Ludwell Brooke (1905; 1911), Asst. Genl. Sales Mgr., Bosch 
Magneto Co., 223 W. 46th St., and Cliffwood Court, 179th St. and Ft. Wash- 
ington Ave., New York, N. Y. 
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BARSTOW, Francis Loring (1905; 1911), Ch. Engr., Mittineague Paper Co.’ 
Mittineague, and Woronoco Paper Co., Woronoco, Mass. 

BROOKS, J. Ansel (1907; 1911), Assoc. Prof. Mech. and Mech. Drawing, Brown 
Univ., Providence, R. I. 

CLUETT, Sanford L. (1903; 1911), V. P. and Secy., Walter A. Wool Mowing & 
Reaping Mch. Co., Hoosick Falls, N. Y. 

DIXON, Charles Francis (1903; 1911), Asst. Engr., N. E. Engrg. Co., £0 
Church St., and 609 W. 178th St., New York, N. Y. 

GAY, Harry (1907; 1911), Stone & Webster Engrg. Corp., 147 Milk St., Boston, 
Mass. 

KENNEY, Lewis H. (1904; 1911), Draftsman-in-Charge Mchy. Div., Navy 
Yard, Philadelphia, Pa. 

KLEIN, Arthur W. (1903; 1911), Assoc. Prof. Mech. Engrg., Lehigh Univ., 
Williams Hall, South Bethlehem, and for mail, 1588S. New St., Bethlehem, 
Pa. 

LINDBERG, Fritz A. (1908; 1911), Prin. Asst. Engr., Brill & Gardner, 1135 
Marquette Bldg., and for mail, 514 E. 62d St., Chicago, IIl. 

RAUTENSTRAUCH, Walter (1904; 1911), Prof. Mech. Engrg., Columbia 
Univ., New York, N. Y. 

RAY, David H. (1904;1911), Life Member; Ch. Engr., Bureau of Bldgs., Borough 
of Manhattan, 220 Fourth Ave., New York, N. Y. 

RUCKES, Joseph J. Jr. (1902; 1911), Engr., Barrett Mfg. Co., Chicago, IIl., 
and for mail, 1336 Bristow St., New York, N. Y. 

RUTHERFORD, Eugene W. (1904; 1911), Mech. Engr. and Asst. to Genl. 
Mgr., U. S. Rubber Co., 42 Broadway, New York, and for mail, 231 Jeffer- 
son Ave., Brooklyn, N. Y. 

SHEPERDSON, John Wm. (1908; 1911), Asst. Supt. Gautier Dept., Cambria 
Steel Co., Johnstown, and for mail, 126 Tioga St., Westmont, Johnstown, 
Pa. 

VAN VALKENBURGH, Ralph D. (1901; 1905; 1911), Dist. Mgr., Colonial 
Steel Co., 213 W. Lake St., and for mail, Hotel Ontario, 620 N. State St., 
Chicago, IIl. 

WAITE, John Culbertson (1906; 1911), Cons. Steam and Ch. Operating Engr., 
Capitol Power Plant, and for mail, 622 E. Main St., Madison, Wis. 

WYER, Samuel S. (1904; 1911), Cons. Mech. Engr., Harrison Bldg., Columbus, 
Ohio. 


YARNALL, D. Robert (1903; 1911), Mech. Engr., 316 Preston St., Philadelphia, 
Pa. 


YORK, Robert (1901; 1908; 1911), V. P. and Treas., York Lumber & Mfg. Co., 
Memphis, Tenn. 
DEATHS 


ABRAHAMS, Morris Landa, May 28, 1911. 
BROWN, Alexander E., May 3, 1911. 
HEWLINGS, Andrew J., January 18, 1911. 
LARSON, Charles J., April 6, 1911. 








COMING MEETINGS 


Juty-Avuaust 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s hands by the 15th of the month preceding the meeting. When the titles of papers read 
at monthly meetings are furnished they will also be published. 


AMERICAN CHEMICAL SOCIETY 
June 28-July 1, annual convention, Indianapolis, Ind. Secy., Chas. L. 
Parsons, Durham, N. H. 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
July 6, 7 and 8, semi-annual meeting, Chicago, Ill. Secy., W. W. Macon, 
29 W. 39th St., New York. 
AMERICAN SOCIETY FOR TESTING MATERIALS 
June 27 to July 1, annual meeting, Atlantic City, N. J. Secy., Prof. 
Edgar Marburg, University of Pennsylvania, Philadelphia, Pa. 
INDIANA ELECTRIC LIGHT ASSOCIATION 
August 23-24, annual meeting. Secy., J. V. Zartman, Indianapolis, Ind. 
THE INSTITUTION OF MECHANICAL ENGINEERS 
July 24, summer meeting, Zirich and Northern Switzerland. Secy., 
Edgar Worthington, Storey’s Gate, St. James’s Park, Westminster, S. W., 
London, England. 
INTERNATIONAL RAILROAD MASTER BLACKSMITHS’ ASSOCIA- 
TION 
August 15, annual meeting, Toledo, O. Secy., A. L. Woodworth, Lima. 
INTERNATIONAL RAILWAY GENERAL FOREMEN’S ASSOCIATION 
July 25-27, annual meeting, Chicago, Ill. Secy., L. H. Bryan, D. & I. R. 
Ry., Two Harbors, Minn. 
NATIONAL ELECTRIC CONTRACTORS’ ASSOCIATION OF THE 
- UNITED STATES 
July 19, Niagara Falls, N. Y. Secy., W. H. Morton, 41 Martin Bldg., 
Utica, N. Y. 
OHIO ELECTRIC LIGHT ASSOCIATION 
July 25-28, annual meeting, Cedar Point,O. Secy., D. L. Gaskell, Green- 
ville, O. 
TRAVELING ENGINEERS’ ASSOCIATION 
August 29-September 2, annual convention, Hotel Sherman, Chicago, 
Ill. Secy., W. O. Thompson, care of N. Y. C. Car Shops, East Buffalo, 
N. Y. 
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TOPICAL DISCUSSION ON FUEL OIL 


(Published in Condensed Form) 


THE PRODUCTION OF PETROLEUM ON THE PACIFIC 
COAST 


By Artuour F. L. Betz, San Francisco, Cat.! 
Non-Member 


Attention was first drawn in the early 60’s to the presence of petro- 
leum in California by the discovery of numerous oil seepages in Los 
Angeles, Ventura, Santa Barbara and adjacent counties. Most of 
the early drilling was confined to Ventura County and until the 
discovery of the Los Angeles City field no other area exceeded about 
40 acres. In 1882 the Los Angeles field came in with an approxi- 
mate area of 400 acres. The oil territory traversed a narrow strip 
in the northwestern portion of the city, crossing hundreds of city 
lots, so that in consequence all lot owners became oil operators or 
leased their lots to others. The formation was so easily drilled that 
portable rigs were used and in many instances wells about 800 ft. 
in depth were completed in a week. As late as the year 1900,a 
well 2000 ft. in depth was considered exceptional and there were 
but a few in the State, whereas today we have wells of about one 
mile or over in depth. 

2 Such conditions resulted in an immediate over-production with 
a corresponding drop in price of oil from about $1.50 per bbl. pre- 
vious to the discovery of the Los Angeles field, to from 15 to 30 cents 
per bbl. in Los Angeles in 1896. This low price caused every South- 
ern California industry that required fuel in its operations to adopt 
oil on account of its cheapness and resultant saving. The real open- 
ing of California’s oil industry may be said to date from the discovery 
of the Los Angeles field. In 1898 this field was on the wane and the 
price of oil rose to the dollar mark. The universal adoption of oil 


1 The Associated Oil Co. 


Presented at San Francisco meetings, December 1910 and March 1911, of 
Tue AMERICAN Society oF MECHANICAL ENGINEERS. All discussion is sub- 
ject to revision. 
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in Southern California had interested so many men in the industry, 
however, that new fields were sought with the result that the Fullerton, 
Coalinga, Kern River, McKittrick, and Sunset fields were immediately 
exploited in the order named and by 1902 the price of oil again fell to 
15 and 20 cents per bbl. in the Kern field. The production of the 
cheap Kern River oil forced its use over the entire Pacific Coast 
States as well as the Hawaiian Islands. 

3 It should be understood that in the early development of the 
oil industry the discovery of oil was greatly a matter of chance. All 
of the early fields, including the Los Angeles City field, Kern River, 
Coalinga, Sunset, etc., were discovered by drilling close to oil seep- 
ages. The Summerland field was discovered by chance through dig- 
ging a water well. The Kern field was discovered by a wood chopper 
who having seen a small seepage on the bank of the Kern River, 
dug a well and with the proverbial good luck of the novice struck 
oil at about 75 ft. 

4 Today the industry has become so well understood that, to 
extend the field, instead of the operator hugging the outcrop, he 
confidently locates his well far out in the valley or in theoutlying 
ranges within the possible oil belt, in many cases miles from the near- 
est production. Where he has used fair judgment, based on the 
knowledge which we now have of the geological conditions of the 
oil measures, the chances of failure are greatly reduced. The pres- 
ent development of the oil industry is due, first, to the improvement 
in the art of drilling wells which has enabled us to reach successfully 
and economically depths of from 4000 to 5000 ft.; and, second, to 
knowledge of the oil-bearing formation, for which we are to a great 
extent indebted to the United States Geological Survey, which has 
for the last few years had a corps of geologists in the field mapping 
and cross-sectioning proven and possible oil territory. It is satis- 
factory to note that during the last year successful discoveries 
have been made in far outlying districts, reported as possible oil 
territory by the United States Geological Survey. 

5 California oils are found in the territory formation in loose sandy 
beds. In many cases these sand strata are from 400 to 500 ft. thick, 
which allows for enormous storage of oil, whereas in the Eastern fields 
the older rocks have become so cemented and are so close-grained 
that there is no room for storing the oil, a difference which accounts 
for the small production of the Eastern wells compared with those 
of California. 

6 In 1908, the United States Geological Survey reported , 8450 
sq. mi. (5,408,000 acres) of possible oil territory in the United States, 
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giving California 850 sq. mi. (544,000 acres), or about one-tenth of 
the total area, and also credit for one-half of the probable minimum 
oil production of the United States, or one-third of the probable maxi- 
mum production. The contents of the probable oil lands of the 
United States in barrels of 42 gal. have also been estimated as follows: 
Minmum Maximum Minimum Maximum 
Appalachian. . 2,000,000,000 5,000,000,000 Gulf 250,000,000 1,000,000,000 
Lima-Indiana 1,000,000,000 3,000,000,000 California 5,000,000,000 8,500,000,000 
Illinois. ...... 350,000,000 1,000,000,000 Minor.... 1,000,000,000 5,000,000,000 
Mid-continent 400,000,000 1,000,000,000 Total.....10,000,000,000 24,500,000,000 


The following shows the average daily production per well in the 
various fields of the United States: 


bbl. 
Appalachian.............. 1.73 
Lima-Indiana........ ....2.74 
Colorado & Wyoming .... 8.35 
California 

7 These were conservative estimates when made two years ago, 
but the development in the industry has been so rapid that they will 
not answer for today. I have therefore made an estimate of what I 
consider the proven and prospective areas of today which shows a 
total area of practically proven oil territory of 94,200 acres, with an 
estimated production of 4,319,000,000 bbl., and a probable extension 
of oil territory of 338,320 acres, with an estimated production of 13,- 
258,000,000 bbl., making a grand total of proven territory of 432,520 
acres and 17,577,000,000 bbl. The total consumption to date has been 
about 383,000,000 bbl., leaving an estimated future possible produc- 
tion of 17,194,000,000 bbl. Table 1 gives an itemized statement of 
the production by counties. 

8 In submitting the above estimate of extractable oil, which is 
about double the estimate of the United States Geological Survey, 
I can only say that it is impossible for any one to state definitely 
what our actual production will be. I have included as possible terri- 
tory only what I consider, with our present knowledge, probable 
territory, amounting to about 700 sq. mi., but it is quite possible that 
a greater acreage will be developed which will bring the total up to 
or over the estimate of the United States Geological Survey of 850 
sq. mi., which should again increase the quantity of prospective 
extractable oil. : 

9 In the computation I have made, I have assumed the interstices 
in the sand to be three-tenths of its bulk and that it is filled with 
oil of which one-tenth would be held by capillary attraction to the 
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sand, one-tenth as readily extractable oil, and the remaining one- 
tenth as oil which can not be obtained. This would admit of pro- 
ducing about % gal. per cu. ft. of oil sand, or 750 bbl. per acre 
foot. To substantiate these figures, I will state that prior to 1900, 
the Alcatraz Asphalt Company in Santa Barbara County, mechani- 
cally extracted from the bituminous sands at its Carpenteria and 
Sisquoc refineries, 27 per cent and 25 per cent respectively of bitumen. 
These sands were exposed oil sands from which the bitumen or 
dried-out oil was being extracted. 

10 In 1901, Bernard Bienenfeld, William Mulholland, and the 
writer, as commissioners for the purpose of appraising the value of the 
different properties in the Kern field that were to form the Associated 
Oil Company, determined that the Kern field oil sand did contain 
32 per cent of void in the sand and when filled with oil, amounted to 
2.4 gal. per cu. ft. It will therefore be seen that an estimate based 
on an extraction of 2 gal. per cu. ft., or 750 bbl. per acre ft., should 
not be considered as unreasonable if only the correct thickness of 
productive sands is figured. 

11 To determine the life of our field, taking as a basis the figures 
quoted in a paper by M. L. Requa read before the California Mining 
Students, we would have, if we assumed the present production of 
75,000,000 bbl. as the maximum consumption, 525 years’ supply for 
the proven territory, and for the proven and prospective territory, 
less consumption to date, about 230 years’ supply. If our consump- 
tion is increased, as it naturally will be, the life of our fields must be 
reduced proportionally. Our consumption for 1910 will amount to 
about 63,000,000 bbl., as about 12,000,000 bbl. will have gone into 
storage this year, and at the end of 1910 we will have in storage about 
30,000,000 bbl., or about five months’ supply. The following is a 
list of the recorded production of California from 1875 to 1910, inclu- 
sive, and the average daily production per well: 


Bbl. Average bbl. per 

produced well per day 
Mucha Wedsic ein mee tsS Seba e esa a ree es 3,000 4.11 
40,552 15.83 
325,000 38.70 
Pb aikiasentecrednes s bibs ch ane ae aes 307,360 15.88 
Sibtiednbis bs paneled steenbaeeesteubense 1,208,482 13.19 
1900 4,324,484 9.15 
1905 2 é 33.49 
42.10 
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COMPARATIVE EVAPORATIVE VALUES OF COAL 
AND OIL 


By C. F. WreLanpn, SAN FRAncisco, Cau. 


Member of the Society 


12 In comparing the evaporative values of the two fuels, coal 
and oil, it is only fair to select a coal that is considered standard and 
that is largely used in evaporative tests. It would not be just to 
select a coal of the inferior value of our Western coals, and Pocahon- 
tas coal and Kern crude oil are therefore selected as a basis of com- 
parison, having analyses as follows: 


Pocahontas “—_ — 
Coal, art 


Gravity, 
P. , 
or Cont Per Cent 
PROXIMATE ANALYSIS 


Fixed carbon 
Volatile matter 
Moisture 


ULTIMATE ANALYSIS 
NR Pe iaitcias a ee hak oa awe alee bake 
Sulphur 
Oxygen 
Nitrogen 


ES iarch tka acai cd etn bas havea aeres 


Calorific B.t.u., 14,067. 
Coal data from Naval Liquid Fuel Board report, p. 10. 


13 Assuming the complete combustion of the heat values in the 
two fuels as analyzed and knowing that 1 lb. of C requires 11.6 lb. 
air, 1 lb. of H requires 34.8 lb. air, and 1 lb. of S requires 4.3 lb. air, 
we have as the volume of air chemically required for the combustion 
of the coal and the oil the results shown in Table 2. 

14 For our comparison we will make the following assumptions: 

a Flue gas temperature is the same in both cases, viz., 500 
deg. 

b Moisture in the two fuels is the same. 

c Air intake temperature (temperature of fireroom), 70 deg. 
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The flue temperature as placed at 500 deg. is probably the mean 
which obtains in practice; lower results have been obtained, but 
numerical value makes little difference in our comparison. 

15 Moisture as shown in the selected coal is low and that in the 
selected oil is also low. In most oils it is more nearly an average of 
5 per cent and for this reason we will consider that the moisture con- 
tent is the same in each case. 


TABLE 2 VOLUME OF CHEMICALLY REQUIRED AIR FOR COMBUSTION 
OF CCAL AND OIL 


Weicat or Arn 
REQUIRED 


Coal 


Carbon 
es ee ee I i nvcenodsccbenendomoghadiesessuenneee 9.54 
A Tcctnnitranunedcenerscusebentennseawense 

Hydrogen 
Se GL cnn aneunw seen sbbsnbeiennectiions 
Oil, 34.8 Ib. air X 0.104 lb. H 

Sulphur 
osc cca wbpesineniesbenaamabanes 
ET FL EEGs net cindncdencindacncntenesecencobennnete 

Lb. of air required 

Weight of the combustibles (after deducting ash from coal) 

‘Total weight which will be considered as dry chimney gas 


16 The sensible heat carried away in the flue gases in the case of 
the coal is 
0.24 (500-70) X 11.82 = 1219.8 B.t.u. 
In the oil 
0.24 (500-70) X 14.82 = 1529.4 B.t.u. 
().24 being the specific heat of the chimney gases. 
17 In the combustion of hydrogen to water each pound of H 
results in 9 lb. of water, or in our coal the water formed will be 
0.038 X 9 = 0.34 lb. 
18 The heat loss both latent and sensible in the evaporation of 
this water is 
0.34 (142 + 966 + 288 X 0.47) = 422.6 B.t.u. 
wherein 212 deg. — 70 deg. = 142, assuming the temperature of the 
water in the coal to be that of the fireroom; 966 being the latent 
heat of the formation of steam at 212 deg. and of expansion against 
the atmosphere; 500 deg. — 212 deg. = 288 being difference be- 








874 FUEL OIL 


tween steam at 212 deg. and flue temperature as assumed; and 0.47 
being the specific heat of superheated steam at atmospheric pressure. ! 
19 In case of oil we have 
0.104 XK 9 = 0.936 lb. 
Heat loss is 
0.936 (62+ 966 + 288 X< 0.47) = 1088.5 B.t.u. 

The loss in coal due to ash is 8.6 per cent of total = 1209.7 B.t.u. 
A further loss in oil combustion is the heat absorbed by the steam 
used in atomizing, being in superheating the steam from 212 deg. 
to 500 deg. fahr. This is 

288 X 0.47 = 135 B.t.u. 
Tabulating these losses, which for convenience we will call fixed losses, 
we have: 

Coal Oil 

Gases 1219.8 B.t.u. 1529.4 B.t.u. 
Combustion of H..... . 422.6B.t.u. 1088.5 B.t.u. 


1209.7 B.t.u. Burner 135.0 B.t.u. 


2852.1 B.t.u. 2752.9 B.t.u. 


While this calculation is not intended to convey any idea of the actual 
value of losses in the two fuels, it may however afford a comparison 
of what we may term fixed losses, within certain limits. 

20 It is seen that the amount of air required for the combustion 
of coal is very much less than for oil. This is due principally to the 
very much greater hydrogen content in the oil, the carbon content 
being, roughly speaking, the same. Furthermore the combustion 
of the hydrogen requires a proportionately larger weight of air. 

21 On the other hand the greatest loss in the coal is in the ash, as 
in the comparison of the fuels we must consider them as received. In 
the oil the loss due to non-combustible is practically negligible. The 
loss due to superheating the burner steam is also small. 

22 In examining our figures a remarkable equality of the total 
losses is immediately apparent. To what extent this relation would 
hold for coals of different composition would have to be determined. 
Subtracting these losses from the calorific value of each fuel we have: 

18,619 — 2752.9 = 15,866.1 B.t.u. 
14,067 — 2852.1 = 11,214.9 B.t.u. 
These last quantities represent the available heat left in fuel for evap- 


1R. C. H. Heck. Thermal Properties of Superheated Steam, Trans. Am. 
Soc. M. E., vol. 30, p. 227. 
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oration. From this it would appear that the two fuels under exami- 
nation had an evaporative value which is in the ratio of 11.2 for coal 
to 15.8 for oil. For coals equal in quality to that selected, the writer 
believes that this ratio will generally be correct, lower grade coals 
having correspondingly lower values. This ratio is also amply borne 
out in numerous actual tests. 

23 It is shown in the foregoing that the theoretically required 
air supply is greater for oil than for coal. This means a greater 
volume of flue gases, hence a greater loss of heat. If we consider, 
however, those coals having a large amount of volatile matter, it 
is safe to say that the air supply for their complete combustion would 
be very much in excess of that for oil. Not knowing the composi- 
tion of the volatile matter, we must necessarily figure with a certain 
indefinite quantity of excess air. In the combustion of oil weare 
able to supply more nearly that amount of air which is actually 
chemically required. 

24 From the manner in which the oil is burned it is evident that 
a more perfect mixture of air with the gases is obtained. Not only 
is the air supply easily regulated by hand, but apparatus has been 
devised to effect the control mechanically and automatically to suit 
the momentary load requirements. Although it does not necessarily 
follow that a smokeless chimney signifies complete or most economical 
combustion, it does mean much to our neighbors and one can safely 
say that such a chimney is more often obtained in connection with an 
oil-burning furnace than with one burning coal. 

25 Evaporative tests have shown that for good coal an equivalent 
evaporation of 11 lb. represents about the highest average, although 
there are cases of higher results on record. For oil the highest aver- 
age yet attained is probably an equivalent evaporation of 16 lb. 

26 In the report of the Naval Liquid Fuel Board the best evapora- 
tion with coal is given as 10.2 lb., while with oil the best is 14.4 lb. 
In some forcing tests made some time ago by F. W. Dean,' which are 
remarkable for the good results obtained at that time, an evaporation 
for coal of 11.32 lb. washad. Ina water-tube boiler under ordinary 
conditions, using good coal, an average equivalent evaporation of 10 
lb. can be considered good practice, although 11 lb.-and slightly over 
is often obtained. Such results as these, it must be borne in mind, 


“F. W. Dean. The Forcing Capacity of Fire Tube Boilers, Trans. Am. 
Soc. M. E., vol. 26, p. 92. 
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can be obtained only with the best grades of steam coal, similar or 
superior to the grade selected by the writer for comparison: 

27 With oil fuel, in connection with water-tube boilers, records 
show an equivalent evaporation of 14to 16lb. Test records in the 
writer’s possession range from 13.6 to 15.4lb. The latter is the record 
of the performance of a 150-h.p. Heine boiler in San Francisco. The 
oil used had a calorific value of 18,629 B.t.u., gage pressure 119 lb., 
feed temperature 69 deg., flue gas temperature 480 deg., percentage 
of steam used for burner 2.8 of total water evaporated or 0.36 
lb. of steam per lb. of oil; 15.4 is the value after correction for steam 
to burner. Incidentally the efficiency of the unit is 79.8 per cent. 
The figures given in the foregoing for oil can hardly be said to be due 
to any extraordinary construction or arrangement of furnace although 
care may have been shown in the selection of the burner. 

28 In a series of eight tests made with two 66 in. by 16 ft. hori- 
zontal return tubular boilers, having one hundred and seventy-six 
2-in. tubes each, and using Coalinga oil of 22 gravity, 18,900 B.t.u. 
per lb. of oil, the average evaporation of water from and at 212 deg. 
was 15.32 lb. The average total horsepower developed at rate of 
34.5 lb. of water per hour was 262.5 for the battery. The theoreti- 
cal evaporation of the Coalinga 22 gravity oil, 18,900 B.t.u. per 
lb., being 19.56 lb. of water per lb. of oil and the actual results 
having been an average evaporation of 15.32 lb., the fuel efficiency 
for this particular battery was 78.5 per cent. 

29 Itis the writer’s opinion that with a few more years’ experience 
and a more refined and perfected fireroom and furnace arrangement, 
we will be able to reach evaporations closely approximating the 
theoretical limits. The ease of manipulation of the fire and the 
possibility of practically exact regulation of air supply for complete 
combustion, lend to the fuel oil evaporative qualities that can be 
found in no other raw fuels. 


THE RELATIVE VALUE OF LIGHT OIL AS COMPARED 
WITH FUEL OIL 


By JosepH Nisspet LeEContTE, BERKELEY, CAL. 
Member of the Society 
30 Crude petroleum consists principally of various combinations 


of hvdrogen and carbon together with comparatively small amounts 
of nitrogen, oxygen and sulphur. The nitrogen and oxygen and any 
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incombustible residue or ash may be classedas inert impurities. The 
sulphur, though combustible, has a low grade of heating value and is 
otherwise injurious. 

31 Taking hydrogen and carbon as the principal constituents, it 
is found that those oils which are rich in the former element are of 
light specific gravity as compared with those rich in carbon. The 
range in specific gravity of California oils may be taken as from unity 
to 0.84, or from 10 deg. to 36 deg. of the,Baumé scale. The majority 
of the fuel oils will range from unity to 0.9, or from 10 deg. to 23 deg. 
Baumé. It is also evident that, other things being equal, oils rich 
in hydrogen will contain more heat units per pound than those rich 
in carbon. Pure hydrogen contains 62,000 B.t.u. per lb., as compared 
with 14,500 B.t.u. per lb. for carbon. If petroleum were composed 
wholly of these two elements, a very consistent law might be expressed 
between the heat units per pound, and the specific gravity. As a 
matter of fact the other substances occurring in varying amounts 
destroy any exact relation. 

32 Water in emulsion in crude oil not only acts as an inert impu- 
rity in a sample under test, but must be converted into steam in the 
furnace and thus still further reduces the heat value of the fuel per 
pound. It occurs in such variable and often in such large amounts, 
that no relation whatever between specific gravity and B.t.u. per 
pound can be discerned unless it is eliminated. In the following 
tables and diagrams, therefore, the oil is assumed to be anhydrous, 
the water having either been removed before testing, or else its amount 
determined and corrections made. 

33 Nitrogen and oxygen are also inert impurities, but since 
their amounts are small, their effects are averaged in with the plotted 
results. Sulphur is a substance which causes considerable varia- 
tion in the heating value of fuel oil. Sulphur contains 3900 B.t.u. 
per lb. Oils rich in sulphur, therefore, have a lower heating value 
per pound, other things being equal. 

34 Many determinations of heating values and specific gravities of 
California oils have been made, but those upon which Table 3 is based 
were made in the chemical laboratories of the University of Califor- 
nia and furnished through the kindness of Prof. Edmond O’Neill 
and his assistants. The calorific values were determined by means of 
an Atwater bomb calorimeter, and the specific gravity by means of 
a Westphal balance or a pycnometer flask at about 63 deg. fahr. 
Water was determined by distillation. 

35 ‘Fhe resulting values for the heavier fuel oils the writer has 
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collected and plotted, as shown in Fig. 1. The ordinates in this case 
are degrees of the Baumé scale, which is related to the true specific 
gravity by the relation 

140 


Specific Gravity = 130 + B 
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Fic. 1 RELATION BETWEEN SPECIFIC GRAVITY AND B.tT.v. FoR HEAVIER 
Fue. Orns (ANHYDROUS) 


at 63 deg. fahr. The abscissae are British thermal units per pound 
of the anhydrous oil. The points, as might be expected, are rather 
scattered, but can be approximated roughly by a straight line. In 
drawing the average line through these points the writer has been 
guided for its position wholly by the points themselves, and for its 
inclination, by the points and by a table of average specific gravities 
and ealorific values furnished by R. W. Fenn of the Union Oil Com- 
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pany, covering a wider range of specific gravities than do the deter- 
minations gathered by the writer. The average line gives the rela- 
tion 

B.t.u. per lb. = 17,680 + 60 B 
over the range of these measurements. 


TABLE 3 SPECIFIC GRAVITY, WEIGHT AND HEAT VALUE OF OIL 
(UNION OIL COMPANY) 


Deg. Weight B.t.u. B.t.u. 
Baumé Gravity per Bbl. per Lb. per Bbl. 


1.0000 350.035 18,280 6,398,600 
0.9929 347.55 18,340 6,374,100 
0.9859 345.10 18,400 6,349,800 
0.9790 ~ 342.68 18,460 6,325,900 
0.9722 340.30 18,520 6,302,400 
0.9655 337.96 18,580 6,279,300 
0.9589 335.65 18,640 
0.9524 333.37 18,700 
0.9459 331.10 18,760 
0.9396 328.89 18,820 
0.9333 326.69 18,880 
0.9272 324.55 18,940 
0.9211 322.42 19,000 
0.9150 320.28 19,060 
0.9091 318.22 19,120 
0.9032 316.15 19,180 6,063,800 


36 Table 3 gives the computed values of B.t.u. per pound, and 
specific gravity, as well as the weight per barrel, and B.t.u. per barrel, 
as determined from this average line. From these it is seen that 
although the average heating value per pound of crude oil increases 
as the specific gravity diminishes, it does not increase so rapidly as 
the weight per unit of volume diminishes. The heating value per 
barrel of the heavier oils is therefore greater than that of the light 
ones. 


FURNACE ARRANGEMENT FOR FUEL OIL 


By C. R. Weymoutsu, SAN FRANcisco, CAL. 


Member of the Society 


37 Ina paper! presented at the New York meeting of this Society, 
December 1908, the writer gave various data regarding California 


' Trans., Am. Soc. M. E., vol. 30, p. 797. 
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fuel oil, air required for combustion, the various losses in oil firing, and 
a description of an automatic system for the regulation of boilers 
fired with crude oil. Although the present subject properly includes 
the question of air supply for combustion, the writer, by reason of 
his former paper, will devote himself mainly to the question of fur- 
nace design, and this only for stationary water-tube boilers. 


38 About twelve years ago the low cost and certainty of supply 
of crude oil led to its general use in California boiler plants. At that 
time with a few notable exceptions, there were none but the crudest 
methods for burning oil, the owner usually employing one of the 
numerous improvisors of oil burners to convert his plant, the opera- 
tion generally consisting in introducing a burner through the fire doors, 
and covering the grates with fire brick. This plan was occasionally 
modified by the introduction of different forms of fire-brick arches, 
target walls, checker walls, etc. Many of these converted coal- 
burning furnaces caused frequent burning out of boiler tubes, due to 
the localization of heat; gave a very limited overload capacity; and 
by reason of various defects of furnace design, coupled with a general 
ignorance of the question of oil burning, produced in most instances 
mediocre results. 


39 During the early period, E. H. Peabody, then testing engineer 
of the Babcock & Wilcox Company, began the first extensive engineer- 
ing investigation of the merits of various types of furnaces, burners, 
etc., and after an extensive series of tests, lasting nearly two years, 
developed an oil furnace bearing his name, now in general use with 
certain types of water-tube boilers. 


40 Mr. Peabody’s tests indicated the following conclusions: 


a That while there are differences in various types of burners, 
these are relatively unimportant. 

b The proper design of furnace is of supreme importance 
as determining efficiency and capacity of boilers and 
immunity from shutdown, owing to tube burn-outs, etc. 

ec Fire-brick arches and target walls are not only needless in 
securing high furnace efficiency, but a menace to continu- 
ity of operation, owing to the impossibility of even the 
best grades of fire brick withstanding the intense heat of 
an oil furnace. 

d Furnace depth and furnace volume are determining factors 
affecting furnace efficiency and capacity, and affording 
protection to the boiler heating surface, particularly 
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when the character of boiler feed water gives rise to an 
accumulation of scale inside boiler tubes. 


The shape of furnace and path of flame must be such as to 
provide a nearly uniform distribution of furnace heat 
over the largest possible portion of boiler heating surface, 
as distinguished from an arrangement causing the direct 
impingement of flame on a few inches of the tube length. 


A large surface of heated fire brick is essential to the main- 
tenance of a high furnace temperature and complete com- 
bustion of oil. 


The air for combustion should be admitted through care- 
fully planned openings in the floor of furnace in such 
manner as to provide the most intimate contact of oil 
flame and incoming air, and thus reduce the air supply 
to a minimum. 

The flat flame or fishtail burner provides for the most eco- 
nomical use of air for combustion. 


When all these requirements for highest economy are 
observed, the furnace flame has not the bright incandes- 
cence sought by the pioneers in oil burning, but borders 
surprisingly on an orange red. 


41 In the Peabody furnace the bridge wall is set back from the 
boiler front to give a depth of from 8 to 10 ft., depending on the size 
of boilers. The burner is of the back shot type, inserted from the 
boiler front under the floor of the furnace and turning up at the bridge 
wall. It shoots the flame forward toward the front of the boiler, 
where there should be an extra course of fire brick set in place with- 
out fire clay, to afford added protection to the front wall. With 
boilers having tubes inclined downwards from the front towards the 
rear, there is thus provided a furnace design of such a shape as to give 
the necessary increased volume as the velocity of the flame decreases 
in flowing away from the burner. This provides a gradual distribu- 
tion of the furnace heat over the tubes the full length of furnace, 
without a direct impingement of flame at any point. 


42 Except in special boilers, the furnace should have a height at 
its front end of not less than 6 ft. and for large size boilers the height 
should be from 7 to 8 ft., depending on the character of feed water 
and desired overload. 
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43 Under ordinary firing, the flame should not extend into the 
tubes, but under forced firing it will extend part way through the 
first pass. 


44 Under Babcock & Wilcox boilers, Mr. Peabody’s record per- 
formance of 1903 was 83 per cent efficiency at rating, based on 10 
sq. ft. of heating surface per boiler horsepower, and an overload 
capacity of 110 per cent above rating. 

45 When admitting a large excess of air and an ordinary amount 
of oil, the flame length will be a minimum, and the temperature of 
incandescence will be reached at the surface of the envelope separat- 
ing the vaporized oil and air for combustion. This bright flame is 
sought by the untrained fireman, but it results in a large loss of fuel, 
as the subsequent mixture of the products of combustion with the 
excess of air not in contact with the flame produces a lower mean 
furnace temperature. With economical firing the flame lengthens 
before coming in contact with sufficient air for complete combustion, 
and with the highest furnace efficiency this temperature varies from 
2500 to 2800 deg. fahr. 

46 The location of the furnace relative to the boiler heat absorb- 
ing surface is of the utmost importance, not only on account of the 
loss of heat and consequent radiation from furnace walls when there 
is excessive travel, but also by reason of the large amount of heat 
absorbed by direct radiation as distinguished from convection. The 
first pass of the boiler should be located directly over the furnace, 
providing the most direct transmission of the heat generated, both 
by convection and absorption of radiant heat. 

47 Owing to the large area of incandescent fire-brick surface, 
the radiant heat is uniformly diffused over a large heating surface and 
the amount of heat thus absorbed becomes an important factor in 
determining the efficiency of boiler heating surface; for while no heat 
can ultimately be lost, the greater the heat absorbed in the first pass 
of boiler, the lower will be the temperature of gases on entering 
the second pass; and finally the later passes of the boiler are able to 
accomplish greater cooling of the products of combustion, resulting 
in the lowest possible stack temperature and hence the maximum 
absorption efficiency of boiler. 
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ATOMIZATION OF OIL 


By A. M. Hunt, San Francisco, Cat. 


Member of the Society 


48 In order that petroleum may be burned with complete com- 
bustion, it is necessary that it be either gasified or injected in the 
form of a spray into the furnace in which it is burned. If the 
oil is being injected into a coal furnace, that is, one not enclosed by 
walls of brick or other material which becomes highly heated, the 
oil must be injected in a spray composed of very fine particles, in 
order that none of the particles shall fall to the bottom unconsumed. 
If the walls are highly heated, the radiation from them will aid 
greatly in vaporizing the oil particles, and larger particles will be 
consumed before they drop. If the furnace is short, the oil particles 
will have a relatively short time period within which they must be 
consumed, and must, therefore, be smaller. 

49 It is evident that anything which will enable the oil more 
easily to be atomized, or that will aid in vaporizing an oil particle 
after it is injected into the furnace, will help to reduce the quantity 
of atomizing medium required, whether it be steam or air. 

50 Most of the oils used for fuel are of a heavy and viscous char- 
acter, and their viscosity is rapidly reduced by rise in temperature. 
It is, therefore, desirable that the oil fed to the burners be preheated, 
and it is almost universal practice todoso. The preheating is usually 
accomplished by passing the oil through a heater similar in type to a 
closed feed-water heater, using the exhaust steam from the pumps 
handling the oil. The burner should be so built that the relative 
areas of openings for issue of oil and atomizing medium can be main- 
tained, or if they become enlarged by scoring, that adjustment can 
be readily and inexpensively made. 

51 Some work has been done in the direction of atomizing the 
oil without the use of air or steam. The oil having been preheated to 
temperatures of from 220 to 260 deg. fahr., is injected into the fur- 
nace through a needle nozzle, having a small sized orifice. The 
portion of the needle stem inside the cylindrical part of the nozzle 
has cut on it a screw thread, which imparts to the issuing oil a rotary 
motion. The release of pressure on the heated oil, and the rotary 
motion imparted to it, cause it to issue in the form of a spray in a 
state of subdivision fine enough to enable it to burn successfully. 

52 I give below some data as to amounts of atomizing medium 
required for fuel oil, obtained from various sources: 
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DATA AS TO AMOUNT OF STEAM REQUIRED FOR ATOMIZING FUEL OIL 
IN BOTLER FURNACES 


CasE 1 
Steam supplied to burner per lb. of oil .. 


Actual evaporation per lb. of oil 
Percentage 


CasE 2 


Steam supplied to burners per hour : cainibe eine 4373.0 
Actual evaporation per hour 

Percentage Babod ain 

Steam per lb. of oil for atomization........... 


CasE 3 


Steam supplied to burners per hour 7087 .0 
Actual evaporation per hour................ 174820 .0 
Percentage eer +.0 
Steam per lb. of oil for atomization aA 0.485 


CasE 4 
Steam supplied to burners per hour iudpatuswueuas edad 5746.0 
Actual evaporation per hour ENT TN 
Percentage CR sere re eee 4.0 
Steam per lb. of oil for atomization Fe cata Ras ey 0.475 
Case 5 
Steam used was measured by use of separate boiler. 
Oil used dc a'aeh-aiate neers . 344 deg. Baumé 
Total evaporation per lb. of oil from and at 212 deg......... 14.99 
Percentage steam evaporated, used by burner....... ; mee 7. 
CasE 6 
Steam used was measured by calibrated nozzle. 
Total evaporation per lb. of oil from and at 212 deg 
Percentage steam evaporated, used by burner 
Case 7 
Steam used was measured by calibrated nozzle. 
Total evaporation per lb. of oil from and at 212 deg.. 
Percentage steam evaporated, used by burner 
CasE 8 
Steam used was measured by use of separate boiler. 
Total evaporation per lb. of oil from and at 212 deg.... 
Percentage steam evaporated, used by burner 


53 From tests made -under the direction of the Bureau of Steam 
Engineering in 1902, the following data are taken: Four tests were 
made using steam as the atomizing medium. The percentage of 
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total evaporation used by the burners ranged from 3.98 to 5.77 per 
cent. A number of tests made under Stirling water-tube boilers 
gave results ranging from 2.1 to 3.42 per cent. 

54 From the above data and general practice and experience, the 
following statement can be made: In designing a plant it isentirely 
safe to assume 5 per cent of the evaporation of the boilers for steam 
supply for burners. In operation, if the amount is greater than 3 
per cent, it may be concluded that the condition can be bettered. 

55 The use of compressed air for atomizing fuel oil may be stated 
to offer no opportunity for fuel saving over the use of steam direct 
in cases where steam is available. The use of steam direct obviates 
complication, and risk of interrupted service, and the use of com- 
pressed air is not justified unless there is some special reason for it. It 
may be that steam cannot readily be had, and that a motor-driven 
compressor can easily be installed, or where steam is available, the 
loss of water through steam supplied to the burners may be undesira- 
ble, as in the case of sea-going steamers. 

56 In certain metallurgical and industrial operations, especially 
where high temperatures are desirable, the use of air is to be preferred. 
In rotary cement kilns, using oil fuel, compressed air as the atomizing 
agent is universally employed so far as I know. Reverberatory 


furnaces for metallurgical operations, using oil fuel, employ com- 
pressed air. 


DATA AS TO AMOUNT OF AIR REQUIRED FOR ATOMIZING FUEL OIL 


CasE 1 


Rotary cement kiln, 7 ft. 6in. in diameter by 125 ft. in length, producing about 
500 bbl. of clinker daily. Air used under pressure of approximately 80 lb. 
Single burner, delivering oil at the rate of about 4 gal. per min. The 


weight of air required for atomization is approximately 25 per cent of the weight 
of the oil atomized. 


Casp 2 


Data furnished by air compressor manufacturer as to capacity of compressor 
furnished for boiler installation of 2500 h.p. Assuming that the entire capac- 
ity of the compressor was necessary, this figures out a use of air amounting to 
approximately 55 per cent of the weight of fuel atomized. 

The same manufacturer gives the following data: For marine boilers figure 
1 cu. ft. of free air for each 5 boiler h.p., the air being supplied at a pres- 
sure of about 25 Ib. 

A 10-cu. ft. compressor at 20 lb. will supply air sufficient to atomize the fuel 
oil to take care of a boiler furnishing steam heat for a small apartment house. 
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For burning sewer pipe it takes about 5 cu. ft. per min. for each burner using 
about 5 gal. per hr. of oil. 


He adds the following. comment: We favor the use of air as hot as we can get 
it from the compressor, cutting out the water jackets. 


CasE 3 


Reverberatory copper matting furnace. Hearth 80 ft. long by 17 ft. wide. 
Center of roof arch is about 39 in. above the surface of bath on hearth. Fired 
from the end using four burners. Amount of material smelted per day, 182 
tons. Oil used per day, 36,472 lb. Air for atomizing supplied by a motor- 
driven Connersville blower at 9 lb. pressure. Amount of air used, about 50 
per cent of weight of oil burned. 


SIZE OF STACKS WITH FUEL OIL 
By K. G. Dunn, San Francisco, CAt. 


Member of the Society 


57 The question of stack area and draft depends on the quantity 
of fuel burned and the draft required. In coal burning, the draft 
necessary to overcome the friction of the fuel bed runs anywhere from 
35 to 70 per cent of the total draft head. This is done away with 
in oil-burning furnaces and consequently a shorter stack will answer. 
A height of stack of from 80 to 100 ft. is all that is necessary. In 
coal-burning plants stack sizes are based on 5 lb. of fuel per boiler h.p. 
In changing to oil we have to figure on the basis of only 23 lb. per 
boiler h.p., and considering that oil can be burned with a smaller 
amount of excess air than coal, a stack of given area would serve 
for double the horsepower with fuel oil than it would with coal. 

58 There are many stacks operating successfully on the basis of 
50 per cent of the sizes given in Kent’s table. I have in mind a 
record of one stack which, when forced to the limit, operated on the 
basis of 35.7 per cent. When this point is reached the pressure in 
the furnace is so great that the gases pass out through the joints 
in the setting and through the boiler breeching. One point in con- 
nection with this, which I believe is not given the attention that 
it should have, is that of breeching area. Ordinarily the effective area 
of the breeching is not considered, as in many plants the breechings 
are narrow and long, and in several instances that I know of, the 
effective areas are in the neighborhood of 70 to 80 per cent of what 
they really should be. 
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LOCOMOTIVE PRACTICE IN THE USE OF FUEL OILS. 
By Howarp STituMan, SAN Francisco, Cau. 


Member of the Society 





59 About the first practical use to which fuel oil was applied as a 
means of generating steam in California was on a locomotive engine 
of the Central Pacific Railroad, in 1886, the tests being made 
between Sacramento and Davisville. The oil was comparatively 
thin and of a reddish color, and was, I think, a foreign product. 
The experiments as I remember, were quite satisfactory, but the 
price of this oil was high and the matter was dropped. 


60 Following the subsequent oil developments in California 
and the promise of a sufficient supply, a continuation of the early 
experiment was made and tests indicated great possibilities for this 
fuel. The first regular conversion of a locomotive to oil burning in 
regular service was on the Southern Pacific Railroad in November 
1900 and a number of tests made in comparison with coal fuel proved 
so satisfactory that, in February 1901, we were authorized to equip 
other engines. This was gradually done, and in about five years all 
locomotives were converted to oil burners on the Southern Pacific 
in California, and extending to El Paso, Texas, embracing what are 


known as the Calvin Lines. The approximate number of locomotives 
we now have burning oil is as follows: 
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61 On the above basis the consumption is 677,875 lb. per month, 
or 8,134,500 bbl. per year. These figures are for about six months 
ago and are slightly exceeded at this time. 

62 The characteristics of the oil have been fully covered in the 
previous papers. There is, of course, a slight variation in specific 
gravity ranging from 14 deg. to 15 deg. Baumé. Its calorific value 
is taken at 18,500 B.t.u., which we consider to express its heat value. 


The following specifications for fuel oil have been adopted by the 
Southern Pacific system: 
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General Requirements. Liquid fuel is crude petroleum as received from the 
wells, or the product of crude petroleum, distilled or reduced. It must con- 
tain no sand or foreign matter in the shape of sticks, waste, stones, etc., and 
must be sufficiently liquid to flow readily in 4-in. pipes at a temperature of 70 
deg. fahr. It must contain as little water as possible, and oil containing more 
than 2 per cent of water and other impurities will not be accepted. 

Fuel oil will be paid for on the basis of volume at 60 deg. fahr., also deduct- 
ing all water contained, according to method outlined as follows: 

Tests. Onesample will be taken from each carload or fraction thereof. The 
sampling of cars is to be made with car thief having valve at lower end. The 
thief with open valve will be lowered gradually into car and valve closed at 
instant of touching bottom. The thief thus filled will contain oil sample to 
be tested for water, sand, basic sludge, and specific gravity. 

Oil received in settling or storage tanks will be sampled with Robinson or 
other standard thief, a sufficient number of samples being taken to secure an 
average of its contents. 

Fuel oil will not be accepted for general use, the flash point of which is less 
than 110 deg. fahr. when tested by the open cup, Tagliabue method. The oil 
to be heated at rate of 5deg. per min., and test flame applied every 5 deg., 
beginning at 90. This flashpoint being the danger point at which the oil 
begins to give off inflammable gas, the fire or burning point is not required. 

The test for water, sand, and Baumé specific will be made as follows: 
100 cu. em. of the sample will be placed in a 250-cu. cm. graduated glass 
cylinder provided with stopper, and thoroughly shaken up with not less than 
150 cu. em. of gasoline. The mixture will be heated to 120 deg. fahr. for from 
3 to 6 hours to facilitate the separation of impurities, the amount of which 
can then be read from the graduations of cylinder. All proportion of water 
and other impurities contained in the sample will be deducted from the 
volume contained in the car and not paid for. 

The temperature of shipment will be tested directly as sample is removed 
from sampling tube, or by immersion of thermometer in the receptacle itself 
for not less than one minute. A deduction in volume for expansion at tempera- 
ture of over 60 deg. fahr. will be made at rate of 0.0004 for each degree. At 
90 deg., the deduction would be 1} per cent, etc.; Kansas and Oklahoma fuel 

oil furnished from Sugar Creek or Kansas City, Mo., at 90 deg., should have a 
deduction of 1} per cent. 

Gravity of fuel oil should range between 13 and 29 deg. Baumé at 60 deg. 
fahr. 

Conditions. If any portion of an accepted shipment is subsequently found 
to be damaged, or otherwise inferior to the original sample, that portion will 
be returned to the shipper at his expense. Any sample failing to meet all the 
requirements of this specification will be condemned, and the shipment repre- 
sented by it will be returned to the manufacturers, they paying freight both 

ways. 


63 In the evolution of oil burning in locomotives, the matter 
unfortunately resolves itself to one of local conditions. The modern 
locomotive boiler is not an ideal form of oil furnace. Railroads must 
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burn whatever fuel is cheapest and most available, and the matter 
continues to be one largely of expediency. 

64 Locomotive boilers are designed for coal fuel and it was for- 
merly boasted that should emergency arise the oil burners could 
be converted over night in the roundhouse backtocoal again. From 
the figures given us by Mr. Bell it does not seem at all likely that 
the contingency will soon arise. 

65 Locomotive fuel oil is carried in tanks built to fit the coal space 
in the tender. Additional flat tanks when required are placed over 
the coal space or back of it. Gravity supply is depended upon 
through flexible pipes to the locomotive. Each system of oil tanks on 
the tender is provided with a gage board or scale from which the 
fuel records are kept. . 

66 The burner used is of the flat jet type consisting of a flat 
casting divided longitudinally by a partition over which the oil flows 
as it is admitted to the upper cavity. The lower cavity receives the 
steam for the jet which strikes the oil flowing over the partition, 
spraying it into the furnace. We aim completely to atomize the oil 
near the burner tip in order that it may be immediately vaporized. 
The form of burner is of little importance provided it is simple, easy 
to clean, and without complication from carbonizing. It has in 
truth been said that those who try to improve the efficiency of fuel 
oil by alteration of the burner are on a plane with those who try to 
improve the steaming quality of a boiler by altering the injector. 
High efficiency from fuel oil is due mainly to the arrangement of the 
furnace. 

67 The steam for atomizing is obtained from the dome and is 
available at full boiler pressure of 200 lb. through a suitable regulat- 
ing valve. We have used compressed air experimentally and for 
some time used a form of burner that delivered air inductively to the 
burner itself. Other than by a localization of heat at the point of the 
burner, no benefit could be found by tests with air mingled with the 
steam in this way. Atomization with compressed air is undoubtedly 
of value under certain conditions but is liable to produce locally in 
the furnace a more intense heat than is desirable. With the steam 
jet the oil is sprayed and broken up so as to allow the air admitted 
through proper dampers to mix and the oil to be consumed completely 
without damage to the sheets. Tests on our locomotives by Professor 
Grey, formerly of the University of California, show that temperatures 


ranging from 2500 to 2750 deg. fahr. are obtained, the latter being the 
highest observed. 
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68 The method of fitting a locomotive fire box for oil burning is 
shown in Figs. 2 and 3, which is the present standard arrangement 
for our heavy freight engine of the consolidated type. Fire bricks, 
the most refractory obtainable, are placed at the lower side of the 
fire-box plates to prevent impinging of the oil blast against the sheets. 
No more bricks than are necessary for the purpose are used. The 
most refractory bricks melt out in a comparatively short time—not 
from an intense degree of heat but from the fluxing agents introduced 
with the oil, especially salt or other alkalis with which California 
petroleums are associated. 

69 Fire-box repairs to oil-burning locomotives do not exceed 
those of coal-burning engines. From records kept of cost of main- 
tenance, we know that if a furnace is properly equipped with draft 
adjustment and burner, an oil-burning fire box will outlast a fire 
box burning coal; that is, on the same class of engines in the same ser- 
vice. However, it cost a good many fire boxes to determine the best 
arrangement. In this connection I wish to emphasize the fact that 
the oil fireman is a large factor in successful oil burning on locomotives. 
The condition is very different from that of oil firing on stationary 
boilers. Conditions are constantly varying in the locomotive 
engine, depending on load and speed, regularity of service, con- 
dition of track, grade and rules of the road. The oil fireman must 
necessarily watch the operation of the.locomotive with intelligence 
and every movement of the engineer demands corresponding regula- 
tion of the fire and watchfulness on the part of the fireman. He has 
two gages to guide him, the steam gage and top of the stack to show 
results, the desired steam pressure with least smoke being the objec- 
tive. It is a general though not universal condition that the loco- 
motive should give some smoke. In general a thin grey smoke is 
indicative of the most economic result. A careless fireman can do 
great damage to the fire box and flues if he neglects to attend to 
the dampers and regulators at the proper time. 

70 Itismy opinion that a greater depth of fire box is more essential 
for economic oil burning than for coal. If combustion is not approach- 
ing completion when the gases enter the flues, the vapors in 
process of combustion fall in temperature below that required for 
oxidation of the carbon, which is precipitated as soot or black smoke. 
While this is a common phenomenon of smoke production with any 
fuel, it is more in evidence with oil than with solid fuel where there is 
nothing to burn but volatile combustible. Lack of oxygen is gener- 
ally supposed to be the cause of smoke, but lack of proper tempera- 
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TABLE 4 DATA FROM EVAPORATIVE TESTS OF LOCOMOTIVES CROSSING THE 
SIERRA NEVADAS, SACRAMENTO DIVISION, SOUTHERN PACIFIC COMPANY 


Profile of Road, Roseville to Summit 


Gold Run 


E 
= 
- 
a 
~) 


Vertical Seale, 1'= 4000 ft. 
Horizontal Scale, 1'= 20 miles. 


70 Newcastle 
Gap 


oT) 
1760-\ Clipper Gap 


391 Loomis 
635 Penryn 


Elevation above Sea Level. 
Max. Grade, Feet pwr Mile. 
Distance frow Roseville. 


+—6200 Tamarack—— 
7018 Summit 


41 §225 Emigrant 


++—- 5040 Cisco 





Consolidation Mallet consoll- 
dation 
Freight Freight 
May 21 and 26, 1908 June 9 and 11, 1909 Nov. 6 and 8, 1909 
Number of single trips in test.......... 2 2 2 
Total time of test . 17 hr. 39 min. 21 hr. 23 min. 29 hr. 2 min. 
Actual running time 13 hr. 55 min. 12 hr. 59 min. 18 hr. 11 min. 
Miles run 315 174 174 
Average steam pressure (gage), lb a 196.1 194.5 
Smoke box temperature, deg. fahr 797 738.5 451.3 
Total gal. water evaporated 44147 48103 91087 
Total lb. water evaporated 367642 400858 759058 
Total gal. oil burmed................. . 3951.6 4328.4 7692.1 
Total Ib. oil burned 31613 34627 61537 
Equivalent evaporation, lb. water per 
14.14 13.95 15.04 
Lb. water evaporated per sq. ft. heating 
surface per hr 8.698 
Lb. oil burned per sq. ft. heating surface 
0.748 
Number of cars in train.............. ‘ 7 
Weight of train, tons 342 
Gross ton mileage 107730 
Gal. water evaporated per 1000 ton mi. 409.79 
Lb. water evaporated per 1000 ton mi.. 3413 
Gal. fuel oil burned per 1000 ton miles. 34.90 
Lb. fuel oil burned per 1000 ton miles. 279.20 
Boiler efficiency, per cent...... bivednees 73.84 
Maximum i. h. p 1719 
Mean 1. h. p 1368 
Dimensions of locomotive 
Engine no 231 
Size of cylinders, in 22X28 26 and 40X30 
Diameter of drivers, in 63 57 
Total weight of locomotive, Ib.......... 203300 425900 
Weight on drivers, lb 160000 394150 
Weight of tender, lb 169765 
Total heating surface, sq. ft 6394 
Feed water heater, heating surface, sq. ft. 1221 


Norse.—Train weights are the average for the distance hauled and are exclusive of engine and 
tender. Tests made under oidinary service conditions. Engines unaided. In “water evapor- 
ated and oil burned per sq. ft. heating surface per hr.,” the figures are for actual running time; 
the allowance of 15 gal. of oil and its equivalent in water is made per hi. while standing. In 
“gal. and Ib. oil per 1000 ton mi.,”’ a deduction is made of 15 gal. per hr. while standing and 
3.5 per cent of ofl for evaporating steam for. atomizing oil. Quantity of oil burned corrected to 
normal temperature of 70 deg. fahr. All measuring instruments calibrated. Analysis of fuel: 
Kern River oil; gravity, 15.8 deg. Baumé; flash point, 230 deg. fahr.; fire point, 278 deg. fabr.; 
‘ommereial weight, 8 lb. per gal. 
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ture required for chemical combination is as often, if not oftener, the 
cause. The lack of sufficient fire-box volume is, in my opinion, the 
common cause of smoke in oil-burning locomotives when the greater 
demands are made on the boiler for rapid evaporation. The deposit 
of soot upon locomotive flues is a common difficulty and calls for the 
regular operation in service of sanding the flues. Soot is a poor con- 
ductor of heat and the steaming quality of a locomotive rapidly 
falls off when flues become lined with soot. The operation of sand- 
ing consists in dropping a reverse lever, if possible while the engine 
is running, pulling the throttle wide open, while the fireman puts a 
few cupfuls of sand through the opening in the fire door, the draft 
carrying the sand through the flues and ridding them of soot, the 
operation being repeated if necessary. A supply of sand is carried 
on the foot board for this purpose. 


TABLE 5 COMPARATIVE TESTS WITH OIL AND COAL 


Evaporation, 2000 Lb. Coal Equiv- 


Type of Locomotive Number in Service alent to Fuel Oil, Gal. 


Eight-wheel 18-24 50 144 
Ten-wheel 294 151 
176 146 

67 158 

139 162 

CE Gach ickenieanutsewebnenadee 19 144 


Mallet Consolidated 17 No coal record 





71 In oil burning the factor of grate surface disappears. The 
grates are bricked over and air admission regulated through openings 
and proper dampers. There is no function corresponding to grate 
surface such as used in connection with coal burning. Only the item 
of heating surface remains on which to base comparisons. 


72 The rate of combustion on the locomotive, like other functions, 
depends on the service and size of the machine. While the principles 
of combustion do not vary in locomotive boilers from those in sta- 
tionary service, there is a wide variation in the rate of steam produc- 
tion, independent of the kind of fuel used. With the modern locomo- 
tive in main line service the demand for steam at full pressure per 
unit of heating surface far exceeds, in point of time, the product of a 
stationary boiler. The demand on the locomotive is intermittent 
and conditions vary from an enormous rate of steam production when 
working at a rate of maximum effort, to one of comparative rest. 
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73 A large number of locomotive tests have been made by the 
Southern Pacific Railroad, covering the use of fuel oil as well as in 
comparison with coal. Table 4 shows evaporative results on most 
recent tests covering about the heaviest oil firing which we have, 
crossing the Sierra Nevadas. 

74 Comparisons of coal and oil from an economic standpoint are 
most interesting where the two fuels come in competition, and rela- 
tive values must largely depend on the conditions and form of boilers 
under which either fuel is burned. Some engine boilers are better 
adapted for coal than oil, or vice versa, depending on construction. 


rABLE 6 RECORD OF COAL BURNED DURING LAST SIX MONTHS OF 1901, AND 
O1L BURNED DURING LAST SIX MONTHS OF 1908, ON STEAMERS 
OF SOUTHERN PACIFIC COMPANY 


Tons Coal Barrels Equivalent 
Consumed Mileage Miles Oil Con- Mileage Miles per of One Ton 
— Last Six forCorre- per Ton sumed, for Corree Bbl.of of Coal for 
Months sponding of Coal Six Months) sponding Ou Equal Mile- 
of Coal Period Consumed (42 Gal. per; Period Consumed agein Bbl.of 
Burning Bbl.) oul 


2764 18592 11207 21130 

4223 19548 , 15414 20808 

3209 18348 ‘ 13603 19894 

Bay City....... 2889 21536 , 11548 20943 

Encinal......... 3703 20284 ’ 10512 19678 

Newark......... 1860 9372 t 6559 10631 

: 0 ee 2581 16715 F 9548 17922 

El] Capitan..... 1019 7238 ‘ 3431 6072 

Solano.......... 4516 5480 : 17151 7143 

Apache......... 1971 18992 7996 21380 

Ma ssxienas 2265 20685 7682 21170 
lotals and Re- 

sultant Means 31000 176790 : 114651 186771 


Mean Equivalent of 1 Ton of Coal in Bbl. of Oil, 3495 


Comparisons therefore are to some degree a function of the boiler 
itself. This was gone into quite thoroughly when the locomotives 
were converted and a summary of the results is given in Table 5. 
The figures are based on evaporative tests before and after conver- 
sion. The comparisons are with ordinary bituminous coal of about 
13,350 B.t.u. 

75 The total number of locomotives accounted for in Table 
5 is 745, and the mean equivalent is 152 gal. or 3.62 bbl. of 42 
gal., equivalent in heat value to 2000 lb. of coal. The average 
equivalent figures in the table cover much careful work and are 
based on equivalent evaporative results from many service tests. 
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It should be borne in mind that the figures are from service tests and 
represent oil burned on the main line between terminals only and 
not losses in transfer, handling or firing up, etc. Our accounting 
department uses a figure of 168 gal. or 4 bbl. of oil, equivalent to one 
ton of coal. 

76 It may be said that with fuel oil, providing engines are burning 
it with a fair degree of efficiency, the quality of fuel is a constant fac- 
tor. Poor or bad coal as accounting for engine failures drops from 
the delay report—‘‘ cleaning fires” is abolished. 

77 Concerning relative values of coal and fuel oil I cannot close 
without submitting Table 6, showing results with both fuels on the 
Southern Pacific Company’s bay steamers, the figures comprising the 
last six months’ record with coal for the year 1901 compared with 
the last six months in oil for the year 1908. 

78 These figures are not from evaporative tests but cover the 
service of eleven steamboats, a total of 176,790 miles as coal burners, 
and 186,771 miles as oil burners, and are from the official accounting 
record. 

79 The service of these bay steamers represents a consumption 
per year of 229,302 bbl., which, added to my former figure per year 
for locomotives, gives a total of 8,363,802 bbl. per year consumed by 
the Southern Pacific Company. In addition to this a considerable 
amount is used in shops and rolling mills. 

80 Let us hope that the rate of production in California as shown 
in Mr. Bell’s paper, 63,000,000 bbl. in 1910, may keep up. Approxi- 
mately one-seventh is consumed by the Southern Pacific Company. 


MARINE USE OF FUEL OIL 


By J. H. Hopps, San Francisco, Cat. 


Member of the Society 


81 As a fuel for steamships, petroleum has many advantages 
besides that of low cost, the most important of these being: 

a The saving in labor and consequent reduction in the num- 
ber of firemen. The amount of money saved varies with 
the size of the ship and the number of firemen carried. 
In installations of average size, one-third the number of 
firemen and coal passers necessary when burning coal 
would be sufficient. 
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Reduction in weight and bulk of fuel, giving increased cargo 
capacity and resultant greater earning power. Compar- 
ing “Wellington Screenings,’ a type of coal generally 
used for steamship work on the coast, and fuel oil at from 
14 to 17 Baumé, oil for equal heating valueoccupies 
about one-half the space taken by the coal and has less 
than one-half the weight. Oil may be carried in parts of 
the ship not otherwise useful. 

ce Savingintime. The time consumed in coaling and expense 
of moving to bunkers is saved, as fuel oil can be pumped 
into the ship when at the dock and while the cargo is 
being taken on or discharged. 

d Uniform steaming. The rate of steaming can be kept uni- 
form, there being no loss due to cleaning fires, etc. 

e Cleanliness, due to the absence of coal dust and dirt when 
coaling and to the absence of ashes in the fireroom. 

f Reduced cost of maintenance. Fewer repairs on boilers 
due to uniform temperature in furnace and combustion 
chamber. No corrosion of floor plates, fire fronts, or 
bunkers. No grate bars to burn out, fire doors or ash- 
handling machinery to renew or repair. 

82 That the advantages of oil asfuel are recognized is evident from 
the large number of steamers using this fuel. Some of these vessels 
are of large size and make long voyages, notably, the ships of the Hawa- 
iian American Steamship Company, the steamers Tenyo Maru and the 
Chiyo Maru of the Toyo Kisen Kaisha Company, the steamers Sierra 
and Mariposa of the Oceanic Steamship Company and the numerous 


large tank steamers owned by the Standard Oil, Associated Oil and 
Union Oil Companies. 






























RESULTS OF TESTS 












83 It is not possible to give exact figures upon the saving effected 
by the use of oil as the prices of both coal and oil are constantly 
changing. Some instances, however, may be quoted. 

84 In the report of the Naval Liquid Fuel Board published in 
1904, figures are given upon the performance of the Steamship 
Nevadan of the Hawaiian American Steamship Company. The 
following tabulation is taken from these, voyage No. 1 with coal 
being from San Diego to New Vork and-voyage No. 2 with oil from 
New York to San Diego. 
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TOTAL 
FUEL CONSUMPTION 
or FuEL 
Voyage No. 1..... 1833 coal 2269 tons 
Voyage No.2...... 2196 oil 9126 bbl. 


TOTAL 
I. H.-P. 


CoaL OIL 
PERI. uH.P. PERI.H.P. 


85 Of the coal burned, part was Eureka and part Coronel coal. 
The heat value of the coalis not given. The figures for voyage No. 2 
represent an exceptionally fine performance. The steamer was new, 
fitted with triple-expansion engines, the Howden system of forced 
draft, and the Lassoe-Lovekin oil-burning system. 

86 When burning oil, six men were required in the fireroom as 
against fifteen when burning coal. Four hundred and fifty-seven tons 
of measured space for cargo was saved on account of the decreased 
bulk of the oil fuel. The financial gain to the company from all 
causes is given as $500 per day. 

87 Inthe case of a small coasting steamer coming under the obser- 
vation of the writer, careful records were kept of the fuel cost, both 
with oil and coal. The cost of fuel per hour of actual steaming, 
averaged for a period of six months in each case, was 


Coal at $5.25 per ton $2.65 per hr. 
Oil at $0.70 per bbl Pye ; 1.64 per hr. 


88 In 1903 a series of tests were made by T. W. Ransom on the 
tugs Richmond and A. H. Payson, owned by the Santa Fé Railroad 
Company. As these vessels ply only on San Francisco Bay and in 
smooth water, the installation of platform scales to weigh the feed 
water and fuel oil was feasible. The tests were made with great care, 
a number of observers being employed and all essential data recorded 
to show the efficiency of the entire installation and of the boilers 
and engines separately. The detailed data secured were destroyed 
in the fire of 1906, there remaining only a summary of the results. 

89 The machinery of the two vessels is identical with the excep- 
tion of the boilers. The Richmond is fitted with a boiler of the 
Scotch marine type, 13 ft. mean diameter by 11 ft. long, with three 
Morrison furnaces, 3 ft. 6 in. in diameter by 7 ft. 10 in. long, and 230 
tubes 33 in. in diameter by 7 ft. 10 in. long. The depth of the com- 
bustion chamber is 36 in. and the total heating surface is 2136 sq. ft. 
The A. H. Payson is fitted with a Babcock and Wilcox marine water- 
tube boiler, total heating surface 2770 sq. ft. The engines in bot: 
cases are compound engines, high-pressure cylinders 20 in. in diam- 
eter, low-pressure cylinders 42 in. in diameter, and stroke 24 in. 
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90 A large number of tests were made on these vessels in actual 
service when towing car floats to and from Point Richmond. In 
addition, a 5-hour test running steadily without a tow was made on 
each boat, with the results given in Table 7. 

91 From examinations of the logs of numerous steamships, it 


appears that with vessels fitted with triple-expansion engines devel- 
oping from 1000 h.p. up, with everything in first-class condition, the 


TABLE 7 RESULTS OF FIVE-HOUR TESTS 
Five-Hovur Ron, Tua A. H. Payson, Ava. 2, 1903 


535 
523 
509 
498 
537 


Five-Hovur Run, Tue Ricumonp, Ava. 24, 1903 


418 
424 
418 
418 
418 


Payson 95.5 | 520 
Richmond 91 | 419 


12251 


9532 
10331 
8831 
10496 
9627 


AVERAGE For Five Hours Run 


11553 
9743 


Water 
evap. 
actual 


853 13.4 
837 13.5 
809 14.1 
826 13.6 
845 14.6 


829 12.2 
835 12.4 
806 11.0 
833 12.2 
865 11.2 


834 13.8 
833 11.8 


Water 
evap. 
from 
and 
at 212 


deg. 


14.68 
14.77 
15.32 
14.66 
15.84 


12.80 


14.10 


12.55 


13.90 


12.90 


15.05 
13.05 


Factor Water 


of 


evap. 


1.095 
1.094 
1.087 
1.078 
1.085 


1.140 
1.143 
1.140 
1.140 
1.150 


1.089 
1.142 


per 
Lh.p. 


22.2 
23.2 


10.04 
10.75 


11.15 
10.47 


fuel consumption will be about 13 lb. of oil per i.h.p-hr. For smaller 
vessels fitted with compound engines, the consumption will range from 
1.6 to 2 lb. per i.h.p-hr., depending on the efficiency of the plant. 


OIL STORAGE 


92 In order to render a fuel oil installation safe, careful attention 
must be paid to the construction of the tanks in which the oil is 


stored. Not only should the very best workmanship, the best 


methods of support and the best quality of riveting be insisted on, 
but great care should be exercised in the design of the ventilation 
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system. Air pipes should be fitted to all tanks of sufficient size to 
lead off gases as they accumulate and to prevent any undue pressure 
on the tanks due to too rapid pumping when they are being filled. 
The ventilating pipes should be led as directly as possible to above the 
uppermost deck of the vessel. They should not be near the smoke 
stack and should be placed where it will be impossible for a naked 
light to be near them. The openings should in all cases be covered 
with wire gauze carefully secured. Further than this, the workman- 
ship on all pipes, valves and fittings should be of the very best quality. 
Great care should be taken that all joints are perfectly tight, as the 
leakage of a very small quantity of oil may result in a formation of a 
large volume of gas from which a disastrous explosion or a serious 
fire may result. 

93 In the case of wooden vessels, separate steel tanks indepen- 
dent of the structure of the ship are provided. The location of 
these tanks varies greatly, depending on the trade in which the ship 
is engaged and the preference of the superintending engineer. They 
are frequently placed in the space formerly occupied by the coal 
bunkers, in the fore-peak and, often, on deck. 

94 In asteel vessel fitted with double bottom, the fuel oil may be 
stored in the compartments in the double bottom usually devoted 
to water ballast, or in deep tanks constructed for the purpose and usu- 
ally extending entirely across the ship. Where deep tanks are used, 
expansion trunks should be provided. 

95 The use of the double bottom for fuel oil is open to several 
objections. The tanks being shallow and divided into a large num- 
ber of compartments by the floors, keelsons, and intercostals of the 
ship, it is very difficult to fill them completely owing to the air trapped 
in the different compartments. It is also impossible to empty them 
entirely and when a tank is only partly filled, trouble may be experi- 
enced in pumping out the oil when the ship is rolling. Again, if the 
ship has to go far North or South where the water is cold, the oil in the 
double bottoms congeals and difficulty is experienced in pumping. 
With many cargoes it is necessary to fill the compartments of the 
double bottom with water ballast when the oil is pumped out, and this 
means that at all times there will be a considerable quantity of water 
present in the oil. When the double bottom is used, it is neces- 
sary to provide settling tanks in or near the fireroom into which the 
oil is pumped from the ballast tanks before being pumped to the 
burners. The object of these settling tanks is to permit the removal 
of any water which may have found its way into the oil tanks, or 
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which may be in the oil when it is loaded. These settling tanks should 
be of sufficient size to contain from 8 to 12 hours’ supply. They 
should be in duplicate and fitted with steam coils for heating the 
oil, gage glasses to show the amount of water in the bottom of the 
tanks, and connections for the oil pumps and for pumps to draw off 
the water settled out from the oil. 


OIL BURNING 


96 The importance of proper furnace arrangements with means of 
controlling and directing the supply of air and fuel has been empha- 
sized in previous discussions. In the case of marine installations it is 
not always possible to secure the best furnace arrangement. Nearly 
all the steamers in commission today are equipped with boilers of the 
internally-fired type. With the short cylindrical furnaces of compara- 
tively small diameter used on these boilers, it is very difficult to secure 
the highest possible efficiency when burning oil. They are well 
adapted for the burning of coal. 

97 For the burning of oil it is well known that an ample combus- 
tion space is needed. With a large combustion space, greater time 
is available and there is more opportunity for the oil particles to take 
up their requisite supply of air for combustion. Further, itisimportant, 
as has been pointed out, that the direction of the incoming air current 
should be such as to cause an intimate mixture of the air supply and 
oil particles. With the short cylindrical furnace these conditions 
are difficult of attainment. The air and fuel are admitted in sensibly 
parallel paths. The time during which fuel and air are in the furnace 
is very short. In consequence, complete combustion is difficult and 
is always delayed. With water-tube boilers, the furnace conditions 
are superior, and higher efficiencies have been shown. 

98 In considering the installation of a fuel oil equipment, the sub- 
ject is naturally divided into two parts, the first relating to the 
storage and handling of the fuel, and the second relating to arrange- 
ments for its combustion. Under the first, the safety of the ship 
and those on board her is the first consideration, and after this 
come convenience in handling fuel and accessibility of all the im- 
portant parts; under the second, would be considered the system 
for burning oil, type of burners, and furnace arrangement. 
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ATOMIZATION 


99 Three systems of atomization are in use in marine installa- 
tions, namely, steam, air, and mechanical atomization. Of these, 
by far the greater number of installations in use on the Pacific coast 
are of the second order. 

100 The use of steam for atomization is confined to vessels plying 
in inland waters, or on very short runs. Steam atomization is not 
suitable for vessels making voyages of any length because of the large 
amounts of fresh water necessary for boiler feed to make up the loss 
due to the steam used for atomizing. This feed water must be carried 
in tanks, thereby reducing the cargo capacity of the ship, or else made 
up by the use of evaporators, a very inefficient, expensive arrangement. 

101 In air atomization the air is used at pressures of from 13 to 
60 lb. per sq. in., depending on the burner. By far the larger 
number of oil-burning outfits utilize pressures in the neighborhood 
of 20 lb. per sq. in., the air being supplied by a steam-driven com- 
pressor, or in the case of low pressures, a rotary blower. 

102 The third system, mechanical atomization, quite generally 
known as the “ Koerting” or “‘ Meyer’ system, although extensively 
used in Europe, has not yet been adopted to any extent on the Pacific. 
The atomization is effected by expelling the oil through a small orifice 
partly closed by a plug, on which is formed a spiral thread. The 
edges of the orifice are sharp and the spiral thread imparts to the 
stream of oil a rapid, whirling motion, causing the oil to break up into 
fine drops which leave the nozzle in a cone of atomized oil upon which 
the entering air currents impinge. 

103 As has been said earlier in the discussion, few data are avail- 
able showing the efficiency of marine oil installations. The amount of 
steam required for atomization will range from 2 per cent to 8 or 
9 per cent, depending on the type of burner and the intelligence with 
which it is operated. 

104 For air atomization and with air pressures of from 20 to 30 
lb. per sq. in., from 6 to 10 cu. ft. of air per minute per pound of 
oil burned will be required. For air atomization with low pressures, 
such as can be produced by a rotary blower, of which the Lassoe- 
Lovekin system as fitted to the steamships of the American Hawaiian 
Steamship Company is an example, the amount of air required for 
atomization is not known. The air pressure used is 13 lb., and all 
the air is heated by the Howden system. The oil is heated to 175 
deg. fahr. 





E. C. JONES 903 


105 A few installations of the third, or mechanical system, have 
been made on the coast, but no information is available as to the 
efficiency obtained. In the opinion of the writer, the mechanical 
system has not received the attention which it deserves from our 
local engineers. It should be efficient and its simplicity is certainly a 
recommendation. I am informed by the agent for the Koerting 
company that the oil may be handled by the ordinary pumps installed 
for that purpose, with other systems, but that an additional heater 
is necessary as the temperature of oil at the burner should be from 240 
to 260 deg. It is further stated that as long as the pressure of oil at 
the burner tip is maintained at more than 40 lb. per sq. in., there will 
be no carbonization in the heating and pipe system, nor in the burner. 
It is said that 100 lb. per sq. in. at the burner is the most desirable 
pressure for thissystem. The makers state that to operate the pumps 
and supply the heat to the oil necessary with this system takes from 
¢ to 1 per cent of the steam evaporated. 

106 Some large tank steamers fitted with the mechanical system 
are said to operate very satisfactorily. The results obtained show 
that a horsepower is developed for from 1.09 to 1.37 lb. of oil per 
i.h.p-hr. for all purposes. These vessels develop about 1900 h.p. 


PRODUCER GAS FROM CRUDE OIL 
By E. C. Jongs, San Francisco, Cat, 
Member of the Society 


107 The subject of producer gas from crude petroleum or its pro- 
ducts is not enough crystallized to enable the economy to be deter- 
mined exactly. California, with its immense deposits of petroleum, 
is the natural and logical field for the exploitation and industrial use 
of oil producer gas. It is to be deplored that such an important sub- 
ject was first considered by men not conversant with the manufacture 
of oil gas, and in casting about for apparatus to make producer gas 
from oil they naturally gravitated to the old familiar methods of 
retorting the oil, and any improvements that grew out of these 
methods seem to have retained the objectionable features of the retort 
system. Briefly stated, these objections consist of shutdowns for 
the purpose of removing coke and frequently for burning out accumu- 
lated soot and lamp black. A typical analysis of gas made in this 
way is: COs, 4.5; CO, 7.4; Oc, 0.4; CHy, 12.0; He, 3.1; Ne, 71.9; B.t.u. 
per cu. ft., 172; claimed thermal efficiency, 39 to 62 per cent; operat- 
ing thermal efficiency, 55 per cent. 
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108 This gas has been applied to the operation of small gas- 
engine units up to and including 100 h.p. Owing to the abundance 
of petroleum in California, it has superseded all crude material in the 
manufacture of illuminating gas. To attain its present degree of 
perfection, elaborate experiments were performed for the purpose of 
changing the chemical and physical condition of the gas to best 
adapt it to modern domestic and industrial gas appliances. 

109 The first oil gas manufactured on a large scale in California 
had the following analysis: 


Per Cent 
IIE ooo cisco cv ened ses ceed ceseeredan's 6.5 
Marsh gas 
Hydrogen 
Carbonic oxide 
Carbonic acid gas.................... 


Residual nitrogen................... 


Specific gravity 


110 By improvements in apparatus and refinements of operation 


the hydrogen content of the gas has been reduced to less than 40 
per cent; the marsh gas has been increased to 34 per cent; the car- 
bonic oxide has been increased to 9 per cent; the specific gravity to 
0.485, and the B.t.u. from 624 to 680 per cu. ft. The oil-gas gener- 
ators used at present for manufacturing illuminating gas are so elastic 
in their operation that any of them can be immediately adapted to the 
manufacture of producer gas from oil. The chemical composition of 
the gas and its heating value depend only on the manipulation of the 
generator. 

111 The writer has carried on a series of experiments with oil 
producer gas, using a large generating unit and the only change in 
equipment was the use of compressed air at from 35 to 40 lb. pres- 
sure for the injection of oil and to assist in the partial combustion of 
the oil. During these experiments producer gas was made having a 
thermal value as low as 103 B.t.u. per cu. ft., and as high as 482 B.t.u. 
per cu. ft. Unfortunately no ready means was at hand for measuring 
the quantity of gas and the amount of oil used to produce 1000 cu. ft. 
A typical analysis of this gas is as follows: 
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Per Cent 
CEM Sakae poten samearwaus pad rane 4 
Heavy hydrocarbon ................. . 2 or less 


— 


Ee see er re pads 1 
Carbonic oxide ., ; 2 
SE ienschenbsdnbeeccbhevnies tak wedeabired 5 
Sn high anes eeu k anes ee oa s 
PN oibik wwe Reema wae eee. tives baby kite’ «sh aaee ee 


100 


112 This gas has a calorific value of 160 B.t.u. per cu. ft. To use 
this gas successfully in gas engines it is necessary that it shall be thor- 
oughly cleansed by efficient scrubbing, and that it shall be uniform in 
calorific value and chemical constituents. This last can be readily 
accomplished in the operation of oil-gas generators, used as producers, 
by careful measurement of the oil used, and of the air supplied for 
its partial combustion, and by the maintenance of a fairly constant 
temperature in the generator. This can be done, as in oil-gas manu- 
facture, by a determination of the necessary temperature by the obser- 
vation of color in the checker brick and the maintenance of this 
temperature by frequent observations through sight cocks by the 
gas maker. 

113 Making producer gas from oil in the ordinary oil-gas genera- 
tor has many advantages over any special process. The gas can be 
made in very large quantities and the amount made can be easily 
regulated to the needs. The operation is continuous and without 
interruptions for cleaning. This is essential in the manufacture of 
producer gas for power purposes. In any other known process the 
interruptions are not at stated intervals, but occur when the producer 
refuses to work, owing to the clogging of its parts by coke or lamp 
black. Oil-gas generators have no easily destructible parts as the 
lining and checker brick are constructed with a view to resisting high 
temperatures and although a much higher temperature is desirable in 
inaking producer gas than that employed in making oil gas, the checker 
brick is not seriously affected by the high temperature. In the 
decomposition of oil, in the presence of air, there is a complete dis- 
position of all the gas making constituents of the oil, so that producer 
gas can be made without a by-product of any kind. Any accumula- 
tion of carbon in the generator may be removed by adjusting the 
temperature and quantity of air supplied. This method of making 
gas requires a small gas holder for momentary storage, and the process 
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as at present understood could not be used as a suction gas producer. 
Producer gas made from oil and containing a small percentage of 
hydrogen possesses advantages over illuminating oil gas, inasmuch as 
it can be subjected to higher compression in gas engine cylinders, and 
with a gas of uniform analysis, uniform piston speed can be obtained. 

114 A thought upon the possibilities of oil producer gas leads to a 
comparison of the modern steam turbine, having a thermal efficiency 
of from 12 to 15 per cent, with an internal-combustion engine having 
a thermal efficiency of from 24 to 30 per cent. 
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(Published in Condensed Form) 
CONTRIBUTED DISCUSSION 


W.H. Frost.! The subject of making producer gas from oil first 
appealed to me commercially, as it would mean a fuel economy two 
to three times better than with the average steam plant, or would 
enable crude oil to be substituted for an equal volume of distillate 
or gasolene in the distillate engines. 

I started out not so much to design a new method of making gas 
as to produce a new power system in which the relation of producer 
to engine and vice versa must be the first consideration. The ques- 
tion was how to do this. Certainly not with any of the so-called 
crude-oil generators then on the market, which simply provided a 
crude method of distillation, sending over indigestible compounds to 
the engine, and wasting most of the oil as a by-product. With a 
refined product providing a suitable vapor, it was cheaper and less 
troublesome to employ the distillate direct in the cylinder. 

No successful method of producing a suitable power gas from crude 
oil was known and as a practical gas engine builder and distributor, 
I knew the following were necessary to accomplish this: 

a To produce the gas continuously in the quantity required 
by the engine, dispensing with storage. 

b The gas to contain the maximum of carbon monoxide and 
the minimum of hydrogen, to obtain highest thermal effi- 
ciency and best regulation of engine. 

c Gas to be practically even in quality to prevent shutdowns. 

d Gas to be clean, as very minute particles of carbon accumu- 
late and foul engine valves, necessitating shutdowns and 
cleaning. 

e Apparatus to occupy relatively small space. 


‘ Los Angeles, Cal.. 


Presented at the San Francisco meeting, March 1911, of Toe AMBRICAN 
SocreTY OF MECHANICAL ENGINEERS. All discussion is subject to revision, 
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f Operation to be simple, readily understood by ordinary 
attendant and requiring minimum of attention. 

g To dispense with offensive fumes and by-products. 

h To reduce the necessary elements to the minimum. 

Oil carries carbon, and the oxygen of the atmosphere is free for the 
taking everywhere, and these two elements are the only ones neces- 
sary. Many forms of apparatus may be used, the most satisfactory 
seeming to be a simple open chamber into which the oil is sprayed 
by compressed air and open to the atmosphere through means cap- 
able of regulation. Suction is produced by the engine, or any form 
of suitable exhauster which keeps the interior of the producer at or 
below atmospheric pressure. The oxygen in the air flowing into 
the producer and used in spraying the oil unites with a certain por- 
tion of the oil to produce combustion and a high temperature. In this 
high temperature zone the unburnt oil is decomposed into its gaseous 
elements and free carbon. The carbon dioxide formed by the com- 
bustion evidently selects carbon from the products of the decomposi- 
tion of the oil to form carbon monoxide. 

An average analysis of the gas gives: 


Carbon dioxide 
Oxygen 
I coer ly eth a eaten an atts heed a etna ae lar da 


100.0 
B.t.u. per cu. ft. Re ER eT SE TEE 


Gas can be made as lean as wanted, or to contain considerably over 
200 B.t.u. 


Regulation of the free air openings and of the oil controls the quality 
and also the volume of gas and can be automatically governed by the 
engine. A test flame kept burning is an indication to the attendant 
of the quality of the gas. Sight holes also show the internal condi- 
tion of the producer. 

During experiments and tests of several years’ duration, it was 
found that engines operated most steadily and evenly and the appa- 
ratus required the least attention, when the temperature of the pro- 
ducer was sufficiently high to break up completely the tarry vapors 
into gas and carbon. 
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The most difficult task of all was to separate the fine, almost micro- 
scopic, particles of carbon from the gas, so that it would be perfectly 
clean and suited to any gas engine. Eventually, a centrifugal scrub- 
ber of simple design was devised, which absolutely cleans the gas, 
so much so that fine white muslin held for one or two minutes over 
a 1-in. outlet with gas under 2-in. water pressure, sufficient to make a 
very long flame, shows no stain whatever and if kept there for 2 
hours shows only a slight discoloration. The scrubber doing this is 
ubout 4 ft. in diameter by 5 ft. long, and cleans about 35,000 cu. ft. 
of gas per hour. 

The fine dry carbon, free from tar, is collected from the wash water 
by any convenient means. In a plant of 500 h.p. it is not sufficient 
in quantity to require any special separating device, but is collected 
in a skimming tank in the usual manner. This fine clean carbon has 
imany valuable uses, particularly in paint for metal or wood. 

The economy, of course, varies with the engine, but actual runs on 
plants of 100 to 500 h.p. show that a guarantee of 1} lb. of oil per 
).h.p. is perfectly safe. 


As to sizes of producers, with a circular chamber less than 18 in. 
in diameter by 4 ft. long, or about 7 cu. ft. capacity, I have made the 
gas required to operate a 150-h.p. engine full load, but prefer larger 


capacity, at least for the present. 


Mr. Jones in his paper on producer gas from crude oil states: 
‘The operation is continuous, and without interruptions for cleaning. 
This is essential in the manufacture of producer gas for power pur- 
poses.” Quoting again, “Any accumulation of carbon in the gener- 
ator may be removed by adjusting the temperature and quantity of 
air supplied.” This indicates that there is a necessity for cleaning 
but that a change in proportion of air, with consequent change in 
temperature (probably more air raises temperature), causes the accu- 
mulated deposits to be consumed. My experience has been that 
any change in temperature, or proportion of elements, changes the 
quality of the gas and causes shutdown of the engine. The change 
inentioned would probably make the gas leaner. 


The only way to avoid serious engine troubles would be to provide 
sufficient storage so that the changes of gas values would be very 
slow and gradual and even then the load must never be greater than 
the leanest gas will carry, and the engine requires close attention 
und skilful handling. Even if the leanest gas can be‘kept up to 
160 B.t.u., it will require 37,500 cu. ft. per hr. for a 500 h.p. 
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load (12,000 B.t.u. per b.h.p), making an enormous storage capacity 
necessary to anywhere near the average of the quality of the gas. 

The statement of the necessity of changes also shows that this is 
not a continuous process producing a uniform gas, but one producing 
a continuous supply of gases of varying values, whereas a continuous 
supply of a practically uniform gas is absolutely essential to any engine 
I have operated. 

Quoting again from Mr. Jones’ paper, ‘‘ Making producer gas from 
oil in the ordinary gas generator has many advantages over any 
special process.” What are the advantages? What power plant 
would want such an equipment as is required for illuminating gas 
making? Bulky retorts, large scrubbers and filters for the great 
volume of gas required, and big gas holders, are necessary for all 
pressure systems and also to average the quality of gas. 

The paper indicates that certain results have been accomplished, 
but lacks the statement that gas engines are successfully operating 
with this gas. By the process there presented there is evidently a 
by-product of lamp black or tar or both which must be separated by 
washing and filtering to fit it for the engine. Evidently the process 
does not produce an even and uniform gas continuously and evidently 
Mr. Jones relies upon the gas holder for averaging the gas, as with 
illuminating gas; but this is expensive, and impracticable with a 
power plant of average size and an impossibility within the fire 
limits of cities. 


C. R. Wermours. If we assume that the range of fuel oil ordi- 
narily varies between the limits of 12 and 18 deg. Baumé, we find, 
in accordance with Table 2 of Professor LeConte’s paper an increase 
of 2.18 per cent in the total heat units per barrel, in favor of the heav- 
ier oil. So long as the barrel is the unit in the purchase of oil, power 
plant operators cannot ignore this comparison. 

Since the reading of these papers the writer has endeavored to 
collect data in an attempt to establish a relation between the spe- 
cific gravity of California crude oil, Baumé scale, and the percentage 
of hydrogen shown by its ultimate analysis in order to compute a 
table showing the available heat per pound and per barrel of crude 
oil of varying grayities, correcting for loss due to latent heat of steam 
formed by the combustion of hydrogen. Curve No. 1 shows the 
hydrogen content for a number of oils. of different gravities, Edmond 
O’ Neill, professor of chemistry at the University of California, having 
furnished a large part of the data. 
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It is found that there is no exact relationship between the specific 
gravity of crude oil and its hydrogen content, although there is a 
general tendency toward an increase in hydrogen content, with the 
lighter oils. 

Examination of the ultimate analysis and calorimeter tests of a 
number of California crude oils indicates the rather startling fact that 
it is possible in oils having practically the same total quantity of inert 
constituents, to have a variation in both hydrogen and carbon con- 
tents with practically no variation in the calorific value of the oil. 

The inevitable conclusions that the calorific value of crude oil 
does not correspond to the heat of combustion of its elemental con- 
stituents, and that accepted formulae for calculating the total heat 
of fuels are not applicable to California crude oils, are borne out by 
the fact that the calculated calorific value was, in one instance, 8.7 
per cent greater than obtained from a calorimeter test. This appar- 
ent anomaly is no doubt explained by the fact that crude oil is an 
admixture of various hydrocarbons, in the formation of which the 
heat required is not available in the further combustion as crude oil. 

From Table 2 the writer calculated the variation in hydrogen due 
to variation in heat units, according to Favre and Silberman’s formu- 
lae, the result being an increase of 1.263 per cent hydrogen for 10 
deg. increase Baumé. From the foregoing it is evident that this 
relationship cannot be regarded as more than an approximation. As 
u matter of interest, a line has been drawn on the accompanying plate 
having its slope in accordance with this, and located as an 
average with respect to the plotted points. The writer con- 
siders that more points should be plotted to warrant even an 
average line. It is evident, however, from the points plotted, 
that the true average will have less slope than the line indicated. 
On the basis of the line indicated, and correcting for latent heat of 
steam only, the available heat per barrel of oil is 2.32 per cent greater 
for 12 than for 18 deg. Baumé oil. If further corrections be made 
for the added stack losses at a temperature of 400 deg. fahr. due to 
the greater air required for combustion, then 12 deg. Baumé oil has 
an advantage over 18 deg. Baumé oil of 2.37 per cent. 

It should be evident from the wide scattering of the hydrogen points 
that the comparison of any two oils under consideration should be 
made with respect to their individual analyses, and not with respect 
to the average line mentioned. For example, from the plotted points 
a hydrogen variation of 1.6 per cent is noticeable with practically 
no variation on the Baumé scale, corresponding to which the stated 
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increase of hydrogen involves a commercial loss, due w its lower 
available heat, and increased chimney losses of approximately 1 
per cent. Taking into consideration this loss and the greater total 
heat units of heavy oils, the extreme variation in the commercial 
value of anhydrous crude oils, between the limits of 12 and 18 deg. 
Baumé appears to be not greater than 3 per cent. 

As a result of all the tests made by Chas. C. Moore & Company, 
Engineers, and the Babcock & Wilcox Company, with California 
crude oils, it is not apparent that the above conclusions will be 
materially modified by a consideration of the atomizing agent, when 
oils are heated to the proper temperature before firing. 

It should be noted that Table 1 is intended to represent a general 
average, the line being drawn through plotted points considerably 
scattered. Calorimeter determinations will still be necessary as the 
specific gravity of an oil is not an accurate index of its calorific value. 

Mr. Dunn has fairly represented current practice in the design of 
chimneys for oil fired boilers at sea level, for moderate sized plants. 

About eight years ago, the writer established, for Chas. C. Moore 
& Company, a rule for oil-burning chimneys, as set forth in Mr. Dunn’s 
paper, and while such a basis for the selection of chimneys has kept 
them out of difficulties, recent investigations indicate the desirability 
of aradical departure from this rule in certain special instances. 

For the benefit of those who contemplate using Kent’s table of 
chimney capacities as a basis of selection of chimneys for oil-burning 
plants, the writer would state that Mr. Dunn’s explanation of the 
reasons for adducing the rule stated, is hardly correct. The weight 
of chimney gases per boiler horsepower, when burning coal, is not 
twice that when burning oil. It is possible to use chimneys of smaller 
area for oil burning than for coal burning, by reason of the much lower 
draft required for the former, permitting higher velocities in the chim- 
ney, and a greater percentage of draft loss in the chimney proper. 
Mr. Kent probably never intended the widespread usage accorded his 
table of chimney capacities, and before adopting this for too general 
usage, engineers would do well to inquire the basis of development 
and the significance of the figures given. 

According to Kent’s table, a chimney 48 in. in diameter by 100 
ft. in height, is rated at 348 commercial h.p. According to Mr. 
Dunn’s paper, this chimney would develop double that amount, or 
practically 700 b.h.p. The questions arise, should this chimney 
be connected to boilers aggregating 700 h.p. based on the normal 
rating, will it merely carry boilers when operating at rating, or does 
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it provide a margin for overload, and if so, to what extent; and were 
it desirable, in such a plant, to operate both boilers temporarily at 
100 per cent overload, developing 1400 b.h.p., would it be necessary 
to install a chimney of double the sectional area? The writerno longer 
uses Kent’s table for selecting chimneys for oil-fired boilers, and it is 
not possible to obtain correct ratings for oil chimneys by applying a 
fixed ratio to the capacity set forth in it. 

With economical firing, and with properly designed furnaces, the 
draft in the third pass, required to burn oil in a Babcock & Wilcox 
boiler of, say 250-h.p. rating, is about 0.1 in. If this boiler be con- 
nected to a chimney 100 ft. in height, giving a working draft at the 
base of the chimney of, say 0.5 in., it is evident that this surplus draft 
is capable of flooding the boiler with an excess of air, if the draft be 
improperly regulated. Such an operation could easily result in 
such a large excess of air for combustion as to require the burning of 
10 per cent excess oil, merely to heat to the stack temperature the air 
so admitted. 

If for the given single boiler the chimney height be reduced approx- 
imately to 35 ft., the boiler outlet and breaching being of ample 
area, and the stack being direct connected to the boiler, the chimney 
would then produce a maximum draft practically equivalent to that 
required for the operation of the boiler at rating; and with boiler 
damper and ashpit doors wide open, it would be impossible for the 
most careless firemen to flood the furnaces with any material excess 
of air. The writer does not recommend that all chimney heights be 
reduced to 35 ft., but this illustration serves to indicate an extent of 
safeguarding the fuel economy of the boiler room, not possible by 
any other simple means. 

In an office building in San Francisco, it was found necessary, by 
reason of the height of the building, to install a chimney extending 
more than 200 ft. above the boiler room floor line. On one occasion 
the analysis of flue gases, in connection with this chimney, indicated 
200 per cent air over actual requirements, and a certain fuel loss, as 
compared with economical firing, of at least 20 per cent. While, in 
this instance, it was impossible to reduce the height of the chimney, 
the diameter could have been decreased to such an extent, that the 
available draft at the base would have been reduced by the chimney 
friction to an amount more nearly in keeping with the boiler require- 
ments. . 

As illustrating the overloading and abuse of boilers possible with 
excessive drafts, the writer has in mind a Stirling boiler having a 
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connected chimney of generous diameter, 80 ft. in height. The 
damper lever had been disconnected, and the boiler fired with 
both rear damper and ash doors wide open. The fireman was in- 
structed in the regulation of dampers and ash doors, but failed to 
observe these instructions. Subsequent tests indicated overloads 
of several hours’ duration, of 85 per cent, and momentary overloads 
of even greater extent. There were other boilers in service, having 
less draft power, which were not overloaded to this extent. In the 
plant in question, all boilers should have been operated practically 
at rating on a nearly uniform factory load. Obviously the overload- 
ing of this particular boiler led to a considerable fuel loss. To obviate 
these difficulties the writer has recently recommended a 40-ft. reduc- 
tion in the height of this chimney. A greater reduction would be 
possible from the boiler standpoint, but is in this instance limited by 
‘height of building. 

When operating boilers under variable load, a careless fireman is 
liable to discover that the steam gage reads 5 or 6 lb. low and rapidly 
falling. Through habit, he has learned that this loss can be overcome 
by a few moments of heavy firing. During such periods, the boiler 
is frequently fired at from 200 per cent to 300 per cent rating 
and boiler tube renewals are many times chargeable to this cause, 
not to mention the resulting excessive oil consumption. While a 
certain excess draft is necessary for proper regulation of boiler plants 
on variable load, it is self-evident that it can lead only to severe abuse 
of boilers in the hands of ordinary firemen. 

Prior to the burning of oil in Pacific coast plants, chimneys were 
proportioned for coal-burning practice, and in many instances the 
subsequent failure to obtain favorable economy with oil fuel in every- 
day work was attributable to tall chimneys. In a number of those 
stations it was later found possible to increase largely the number of 
boilers connected to one chimney, the station economy was improved 
without apparent effort of the firemen, since the increased volume of 
gases passing through the flues and chimney reduced the draft avail- 
able at the boiler outlet, and at once limited the extent of flooding the 
furnaces with excess air, formerly possible with an excessive draft. 

It has been found by experiment that the draft necessary for the 
combustion of oil varies largely with the economy of firing, and in one 
series of tests, operating the same boiler at approximately rated capac- 
ity, the draft varied from less than 0.1 in. with economical firing, 
to nearly 0.5 in. with a large excess of air; also that the draft neces- 
sary to burn oil increases rapidly with the rate of overload on boiler. 
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It therefore becomes necessary, in the selection of chimneys for a 
given plant, to decide both the maximum capacity to which it is 
desirable momentarily to force boilers, and the excess air supply 
over the most favorable firing conditions, to be regarded as the limit 
of safety in everyday practice. The installation of fuel economizers, 
excessive breeching resistances, etc., will also influence the final result. 
These considerations determine the draft necessary at the base of 
chimney. There is a minimum height of chimney which will produce 
the desired draft, and should it become necessary to increase the chim- 
ney height over and above the necessary minimum, the diameter of 
the chimney, for economical firing, should be modified to absorb by 
chimney and breeching friction the excess draft thus produced. The 
provision for a later increase of boilers on a given chimney will of 
course modify these conditions. 

There are many factory, pumping and heating plants where the 
load on the boilers in service is practically uniform and rarely exceeds 
rating. In certain of these plants, not operated by skilful firemen, it 
would be possible, building conditions permitting, to reduce mate- 
rially the chimney height with an increase in fuel economy. 

In reply to a query by Mr. Hunt, by controlling the firing of boilers 
by variation of oil pressure from a central point, all burners being 
connected to a common oil main, it is possible to indicate the rate of 
load on the individual boilers by pressure gages connected to the oil- 
burner branch line. At the Redondo plant we controlled the firing 
of boilers from a central point, the individual oil-burner regulating 
valves being wide open or nearly so. The pressure gage read about 
20 lb. when the boilers were fired at rating, about 10 lb. at half 
load, and about 30 lb. when at 50 per cent overload. When used in 
this manner the pressure gage forms a reliable index for gaging the 
load on boilers, at least for the purpose of the firemen, and it is about 
as cheap an instrument as can be secured for the work. 


W.F.Duranp. In connection with Mr. Dunn’s paper on chimney 
capacities, the accompanying formulae may be submitted as repre- 
senting conservative practice under what may be denominated approx- 
imately normal operating conditions. The factors which enter into 
the problem of chimney draft and capacity are so numerous, their 
relations so obscure and values so difficult of numerical determination, 
that of necessity all chimney formulae are empirical, that is, they are 
simply practice expressed in algebraic form. Theliterature of engi- 
neering abounds in chimney formulae, but inasmuch as most of them 
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relate to coal-burning practice, | have ventured to add one more to 
the list, intended to refer strictly to oil-burning practice. 

While, as noted, all chimney formulae are empirical in character, 
yet they may to some extent be made rational in form and the more 
nearly such a condition is realized the better will the formula take 
care of variations in the operative conditions, outside the immediate 
range from which the empirical factors are drawn. 

The general character of a chimney formula on rational lines may 
be readily developed, as follows: The function of draft involves 
the pushing of air into the furnace and the pushing of the gases of 
combustion through the tube spaces and then up the stack to the 
outer air. This involves the work of giving kinetic energy to a body 
of air and gas and of moving it against a resistance. In general, such 
work will depend on the quantity of gas moved and on the square of 
the velocity. This work must be supplied by the draft head or dif- 
ference of pressure between the external air and minimum pressure 
within the boiler, and per pound the work will be measured by the 
difference of pressure in pounds per square foot multiplied by the 
volume of one pound of gas in cubic feet. We have thus in general 
the relation: 

uw—~VP 
where 
u = velocity 
V = vol. per lb. 
P = draft head measured in lb. per sq. ft. 
Again, let 
B = boiler h.p. 
w = |b. of gas per b.h.p. 
A = area of chimney 
Then 
BwV = Total volume of gas = Au 
But u—v! VP,and P the draft head will depend in general on the 


height of the stack and on the stack temperature. According to the 
simple theory of stack draft, such head is measured by the difference 
in weight between a column of normal air and a column of hot gas, 
each of the height of the chimney. 
In any event, we may put 
yr ite 

where 

= height of chimney 

= a factor or term depending on the temperature 
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We have then 
u— VVhez 
and hence 
A V Vhz ~ BuwV 
whence 


AVh— Bw \~ 


In words, the product of the area by the square root of the height 
should follow closely the product of the number of pounds of gas by 
the square root of the volume per pound and divided by the square 
root of the function z. 

But the volume of 1 lb. of gas V varies directly as the absolute 
temperature. This of course varies widely between the furnace and 
the top of the stack. The temperature at the base of the stack is 
usually taken, however, as primarily related to the value of the draft 
function z, and for convenience we may use the same temperature as 
related in a general way to the value of V. Also w, the pounds of 
gas per boiler horsepower, will vary inversely as the boiler efficiency. 

Let e denote the efficiency. Then we may write 


— B {TPs 
AVh=@, = 


where @ is the general constant or factor. 


The function z takes the form where A and B are 


Ta Ts’ 
constants and Ta and 7's are absolute temperatures of the air and 


of the stack. Where draft head d is expressed in inches of water and 
the height of the chimney in feet, this takes the form 


_,(7.6 7.9 
ities (7° ) 


If 80 deg. fahr. is taken as a fair upper temperature of the air, this 


reduces to 
7.9 


The entire \ o2 is therefore a function of the temperature and 


its value for a range of values of 7's is given in Table 8. 
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It now remains only to find a value for the numerical constant Q. 
This has been done by using the results of practice and thus checking 


TABLE 8 VALUE OF TEMPERATURE FUNCTIONS 


| 
y _|| t at GR 
560 
580 
600 
620 
640 
660 
680 
700 





the formula against the indications of experience. 


In this manner, we find as follows: 
— By 
(A—a) Vh = Oe 


where 


A = area of chimney in sq. ft. 

a = small constant area as below 
h = height in ft. 
B 


= b.h.p. actually developed, which. equals num- 
ber of lb. of total evaporation per hour re- 
duced to conditions from and at 212 deg., 
divided by 34.5 
e = boiler efficiency 
y = temperature factor from the table 
Q = coefficient 
values of a and Q are as follows: For large chimneys or from 300 
b.h.p. up 
a= 2.5 
Q = 54 
For small chimneys or from 500 h.p. down 
a = 0.6 
Q = 40 


In choosing the values of the constant Q the following special 
conditions are assumed: 


Heat value of oil fuel.................. about 18,500 B.t.u 
Temperature of external air......................... 20 deg. fahr 
Excess of air in furnace about 100 per cent 
Boilers working at rate of output not greatly exceeding rated load. 
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The particular numerical factors in the formula are perhaps not 
so important. I dare say further investigation, undoubtedly the 
results of Mr. Weymouth’s data, might change the numerical factors. 
[ believe, however, that the form of the formula may possibly be of 
some aid in passing from one set of conditions to another, or inter- 
polating between various sets of conditions; and that is about all 
any engineering formula can hope to do. 

In connection with the paper by Mr. Hunt on Atomization, I have 
been. interested in estimating the work equivalent of this process. 
The nozzle of a burner is a more or less effective device for transform- 
ing energy of steam into jet energy, exactly in the same manner as 
does the nozzle of a steam turbine. The atomization of the oil and 
its projection at high velocity into the furnace involve the expendi- 
ture of work, and this work must be derived from the steam by way 
of the nozzle. 

One-half Ib. of steam per lb. of oil is perhaps a fairly representative 
figure for the amount of steam required. This amount of steam used 
with any reasonable nozzle efficiency and under the conditions of 
say 90 lb. initial pressure absolute and 15 terminal, should develop 
from 35,000 to 40,000 ft. Ib. of energy, thus expended in work on the 
oil. This figure is impressive. It is probable that due to wire draw- 
ing and inefficiency in the nozzle the amount of work actually util- 
ized is less than this figure. In any event, however, the price paid 
for the preparation and introduction of the oi] into the furnace is a 
very heavy one, and the question not unnaturally arises as to whether 
or not this can be the ultimate method. May not some method be 
developed, mechanical or otherwise, which shall enable us to do the 
necessary amount of work on the oil without the heavy expenditure 
involved in the present systems of steam or air atomization. Mechan- 
ical atomization seems to present some possibilities and it may be 
that the future development may lie along thispath. In any event, 
| feel that as engineers we should entertain a feeling of profound 
(iscontent with our present methods of preparing and introducing the 
oil into the furnace, and that we should not rest until either some less 
costly method is developed, or every possible method and expedient 
has been given a thorough trial. 


Guy L. Bayuey.' . In order to get some information as to the effici- 
eney of the furnaces in the station of the Municipal Light & Power 


'Mgr., Municipal Light & Power Co., San Francisco, Cal. 
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Company plant, on Stevenson Street, we installed an Orsat apparatus in 
the fireroom. The four boilers are of Stirling make, and the samples 
were taken about a foot below the damper. The sampling tube used 
in each was a piece of #-in. iron pipe, open at the end. Small lead 
pipes from each furnace were run to a header with a valve in each, so 
that a sample could readily be taken from any of the furnaces. A 
small water ejector was connected to the header to insure drawing 
over a fresh quantity of flue gas before a sample was taken. We 
experienced trouble with the lead piping from pin-hole air leaks, and 
from the piping sagging and forming pockets, which trapped water 
from the products of combustion and prevented a flow of flue gas. 
These troubles were overcome by the use of }-in. iron pipe. 

The Orsat determinations were of great value at the start in edu- 
cating the firemen as to the amount of air required. All of our men 
were experienced in the burning of fuel oil, but they were firing with 
from 80 to over 150 per cent excess air. By shutting down on the 
draft and making frequent determinations with the Orsat apparatus 
until a high per cent of CO. was obtained, the firemen were taught 
how a fire should appear with the minimum amount of air for complete 
combustion. We were unable to get much better than 12 per cent 
CO:, as above this point the fire was liable to produce smoke, which 
would not long be tolerated in the neighborhood of our plant. 

Although we had no direct means of measuring the economy due 
to better firing, an increase in kw-hr. per bbl. of oil followed at once. 
The second month we had the Orsat installed, we showed an increase 
of 19.3 per cent in the kw-hr. per bbl. of oil obtained the month before 
installing the Orsat. During this period the load factor on the tur- 
bine increased from 43 to 53.5 per cent, which would account for 
some of the increase in economy, but hardly for the amount obtained. 

The Orsat apparatus is not a suitable instrument for constant fire- 
room use, as the rubber connections rapidly deteriorate and the glass 
parts get broken. It is well worth its cost, however, as it will awaken 
and maintain in the firemen a lively interest in the subject of combus- 
tion, which is sure to result in better firing. In orderthat the firemen 
may appreciate the importance of maintaining a high percentage of 
COs, we have posted in the fireroom two curves, one of which gives the 
relation between percentage of CO2 and of excess air; the other, the 
relations between the percentage of excess air, flue temperature and 
calculated boiler efficiency. 

To measure the oil in our fuel tanks, we run to each a }-in. brass 
pipe, which goes through the top of the tank to a point close to the 
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bottom. To each pipe, at a convenient point in the engine room, 
a U-tube containing mercury is attached. Each pipe is connected 
to the compressed air system of the plant. To read the height of 
oil in a tank, the compressed air is turned into the pipe until it blows 
out the oil which may be standing in the vertical section leading down 
to the bottom of the tank. The air is then throttled down so that 
only a small amount escapes through the oil, and a reading taken of 
the difference in level of the mercury in the U-tube. A scale along- 
side the U-tube can be calibrated by means of known quantities of oil 
in the tank, so as to read direct the number of barrels contained in 
the tank at any time. In a tank 13 ft. deep and holding 110 bbl., we 
can read within a barrel of the true amount in the tank. By inclining 
the tubes so as to get a longer range of movement of the mercury, 
greater accuracy can be obtained. Should the gravity of the oil 
change from that used when calibrating the U-tubes, the readings 
must be corrected for the difference in gravity. 


Tuos. Morrin. The use of crude oil as fuel has been developed 
along the lines of unlimited extravagance in the vaporizing process. 
Until recently steam jets have been used in land plants at full boiler 
pressure for vaporizing oil at the burner tip, because of its convenience 
and low cost of application. At the same time it is perhaps the most 
expensive method for accomplishing this object. I believe that im- 
provement in these conditions can be brought about only by a burner 
mechanism that will require air only at an extremely low pressure 
which may be furnished at a minimum cost so that its most extrava- 
gant use cannot go beyond a certain fixed range. 

In regard to Mr. Hunt’s statement that the form of the burner is 
of minor importance I am convinced that it has much to do with pre- 
paring the oil for satisfactory combustion inasmuch as it is necessary 
to vaporize the oil or work it up into minute atoms. 

I have in mind mechanical burners of the turbine fanwheel type 
rotating at a high speed and delivering the oil from the periphery of 
the burner at a velocity of approximately 7100 ft. per min., equal to 
an air pressure of approximately 13 oz. per sq. in. 

In tests of the quantity of oil and the percentage of power used to 
burn a fixed quantity it was noted that the energy expended was less 
than 1 per cent. In fact, the figures showed an actual consumption 


of energy amounting to but 7% of 1 per cent of the actual heat results 
of the oil burned. 
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I refer to this scheme of vaporizing oil because I am sure that oil 
will be used more and more for fuel purposes if we convince the con- 
sumer that it is unnecessary to install a steam burner or an elaborate 
mechanical equipment. A simple centrifugal blower and a rotary 
gear pump driven by one electric motor that any unskilled person 
may use and operate is a possible equipment. 

The form of furnace is also important. The hearth of the furnaces 
should be of good fire-resisting material, of high radiating efficiency, 
and thin, with air inlets well diffused over the surface, and while it 
is not necessary to heat the air for the most economical results, oil 
can be burned in the jet process with much less noise with heated than 
with cold air. This system for vaporizing oil is just as applicable 
to service on board ship as to the most remote fruit dryer, hop kiln, 
or malt house, where it would be necessary to install only a small 
motor and volume blower with the necessary oil pump, within the 
prescribed limits of the underwriters. With this method of vapor- 
izing the oil, less energy per pound burned is required than in any other 
form now in use, and it should receive more attention from engineers 
and consumers than in the past. 


ORAL DISCUSSION 


GrEorGE W. Dickie said that the example given by Mr. Hopps 
of oil burning on one of the American Hawaiian Steamship Company’s 
ships fitted with Scotch boilers, compared favorably with any exam- 
ples he could give for water-tube boilers, although Mr. Hopps claimed 
that the furnace conditions of water-tube boilers are, generally speak- 
ing, superior to those of Scotch boilers. The Howden system of 
furnace combustion and the low-pressure air system may have con- 
tributed to the satisfactory result. 

Mr. Dickie expressed approval of the mechanical system of atomi- 
zation, having been an admirer of the Koerting system which he 
believed needed only careful study and adaptation to the various 
qualities of oils to make it ideal. So convinced was he that a practical 
system of this nature was feasible that if he were to design a large 
marine oil-burning installation he would endeavor to design a modi- 
fication of the Koerting system that would successfully burn the 
California oils. 

In reference to making producer gas in an ordinary gas generator 
for use in internal combustion engines, he urged Mr. Jones to make 
further experiments, suggesting that if a slow-burning gas could be 
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made from oil which would behave behind the engine piston like slow- 
burning powders behind the projectile of a modern gun, giving a 
steady push instead of a blow, a remarkable instrument of propulsion 
would be produced. For two years past he had been interested in a 
crude oil gas producer known as the Nix-Frost producer by which 
vil is converted into a fixed gas which is essentially a power gas 
consisting mainly of carbon monoxide with a small percentage of 
hydrogen. 

In this producer the oil is brought to the burners by any suitable 
pressure means and compressed air sprays it into the producer, which 
consists of a steel shell lined with fire brick with a central vertical 
chamber. A zone of high temperature is formed by partial combus- 
tion and through this is drawn the unconsumed carbon, and the gas 
produced, along with fine particles of carbon, is drawn out of the pro- 
ducer through a suitable scrubber by suction fan or by the engine direct; 
any particles of carbon are separated and blown away with the waste 


water. This producer or something like it may yet be made suitable 
for marine installations. 


E. I. Dyer! said that the relation of the heat value of oil to its 
specific gravity was not commonly appreciated either by the average 


oil producer or the consumer. Lack of knowledge of the truth of the 
relations exhibited in Professor LeConte’s paper, and of the part 
which hydrogen plays in the lighter oils, in the economics of combus- 
tion, together with a blind adherence to the traditional temperature 
of 160 deg. fahr. for fuel oil, have conspired to create an unwar- 
ranted prejudice in favor of light oils for fuel purposes. He thought 
that there was no insurmountable difficulty in handling and burning 
heavy crude oils at temperatures to the burner ranging from 240 to 
350 deg. fahr. In fact, at one of the plants of his company, 285 
deg. fahr. has been the standard temperature for months. Both 
the producers and consumers of oil would be benefited by further 
elaboration of the fact that not only do the heavier oils contain more 
heat units for a dollar, but within reasonable limits, a greater pro- 
portion of available heat units than the lighter. A real service to 
the general public might also be rendered by dispelling the con- 
fusion in the conversion of Baumé degrees to true specific gravity. 
The relative heating value of oil and coal is of vital importance 
both to the producer and consumer. The characteristics of coal 


‘Engineer of Manufacturing Department of the Union Oil Company, San 
Francisco, Cal. 
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commonly available in this market and not the ratio as it relates to 
Pocahontas coal, are of interest on the Pacific Coast. The establish- 
ment of an evaporation of 11 lb. from and at 212 deg. per lb. of coal 
as representing the highest average of a good coal, would mislead 
every one on the coast who had anything to do with oil. The ratio 
which has been presented by previous speakers may be true of East- 
ern conditions, but entirely fails to represent those in the West. A 
ratio of 15.8 to 11.2 gives oil a superiority over coal by something 
over 40 per cent, weight for weight. Mr. Hopps has pointed out that 
in marine practice a vessel equipped with triple expansion engines 
from 1000 h.p. up, with everything in first-class condition, would 
consume about 1} lb. of oil per i.h.p-hr. This is probably a fair 
average. 

The speaker had had access some two or three years ago to the 
records of performances of several steamers running on the coast 
with average coal for an entire year. One of these vessels averaged 
2.1 lb. of coal per i.h.p-hr., and the other 2.5, and both had triple- 
expansion engines larger than the lower limit of size given by Mr. 
Hopps. The better record showed about 70 per cent more weight 
of coal and the poorer 100 per cent more than the 1} lb. average for 
oil. He gave these figures in the hope of showing why this subject 
should not be dismissed without receiving full justice. 

With regard to furnace arrangements, he said that both producers 
and consumers were much indebted for the development of the effi- 
cient types of furnaces now in operation. These would be of still 
greater value if their operation could be made as nearly automatic 
as possible, or some system developed by which the specialized 
knowledge available could be taught to the men handling the fires. 
He also thought furnaces should be more liberally provided with 
peep-holes, so that all parts of the furnace and the heating surface 
exposed in it, as well as all parts of the fire, could be seen at all times. 
These were usually insufficient in number, often incorrectly placed, 
and in many cases entirely missing. Where present, they were often 
of a type which could not be operated without a hammer and conse- 
quently were never used. 

Explosion doors, as often provided, are frequently not tight when 
inactive and will not close themselves after acting. Sometimes they 
are so situated that they become overheated, warping to such an 
extent as to nullify all attempts to regulate properly the air supply. 
An indicating CO, instrument should be a part of the equipment 
of every boiler furnace in every high-grade installation, as much as a 
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steam gage. Similarly a draft gage reading to hundredths of an inch 
should also be a part of every standard boiler equipment, if any pre- 
tense is to be made of securing economical combustion of oil. More 
care might be given to the placing of burners to avoid possibility 
of oil, particularly sulphurous oil, lodging on the tubes. A checker- 
work with variable opening operated by a lever from the front, if 
such a device could be made practicable, would probably be worth 
while. All dampers ought to be operated from the front and a draft 
gage maintained at that point. 

The stack problem is, of course, intimately associated with that of 
furnaces. If the correct height were 80 to 100 ft., how could the fact 
be accounted for that a boiler plant of 600 h.p. capacity with stacks 
only 51 ft. above the floor line, recently installed by the speaker, 
developed an average of 170 per cent of rating with peaks running up 
to 200 per cent on a five-day test? Not only this, but the height 
is such that the firemen have to be watched to prevent the admis- 
sion of an excess of air. Moreover, in the same building a recent 
storm has entirely destroyed a number of stacks on some return 
tubular boilers down to the roof line, and there is not the slightest 
difficulty in running these boilers up to capacity with the stacks in 
this condition. In this case, the height of stacks could not be more 
than about 25 ft. above the floor. If all the overload capacity con- 
sistent with safety could be secured and the firemen still get an excess 
of air if not watched, manifestly 50-ft. stacks are too high. At another 
plant of 1200 h.p. in four units, the stacks are 72 ft. high. These are 
made higher than would be ordinarily necessary on account of the 
configuration of the surroundings. With these stacks, the boilers 
can be operated at any reasonable overload and if the fireman is not 
watched he will get his CO, as low as 2 per cent. These stacks are, 
therefore, too high, except perhaps under conditions which might 
bring to bear the adverse influence of the winds passing over the sur- 
rounding hills. It is manifestly unsafe to generalize on either the 
height or diameter of stacks without knowing all of the conditions. 
The draft resistance differs in different types of boilers; the amount 
of overload desired has an influence on the height and area; the 
draft resistance in the boiler increases with overload; conditions 
which obtain at sea-level are not present at altitude; the direction 
of prevailing winds as regards the situation of the plant with refer- 
ence to the configuration of the surroundings is of consequence; 
there is a great difference whether each boiler is equipped with an 
individual stack, one stack per battery of two, or one stack serving 





926 FUEL OIL 


several, with connecting breeching; every turn in a breeching in- 
troduces a draft loss;-the frictional resistance and the cooling effect 
of economizers must ‘be taken into consideration; for construction 
purposes there is an economical ratio of height to diameter; the 
price of fuel oil is a consideration, etc. So many factors enter into 
the design and proportions of stacks that the subject is a complicated 
one, and worthy of more extensive exploitation. 

As to the use of compressed air instead of steam for atomizing, 
a special occasion for using it in place of steam is probably offered by 
plants where exhaust steam does not exist in sufficient quantities for 
heating purposes within the limits of temperature obtainable by steam 
at or near atmospheric pressure. A plant of 2000 b.h.p. located in 
Seattle and used entirely for a district steam heating system would 
seem to present a possibility for this practice. Industrial operations 
involving the use of large quantities of heat at relatively low tempera- 
tures, of which there are a number of examples, might also be simi- 
larly situated. 


J. A. YEaTMAn! expressed his interest in the production of power 
from California crude oil by means of gas engines, or producers for 
gas engines. California oil is not freely vaporized and in order to 
prepare it so that it might be burned in a gas engine, retorts were 
first used, heated externally or from the exhaust from an engine. 
Inasmuch as the oil had a deposit of clay or earthy matter which the 
oil companies were not extracting, the retort would foul in a short 
time and become incrusted with carbon and dirt. Gas producers 
were then taken up something after the lines of the hard and soft coal 
producers of the East, but it was found that the percentage of hydro- 
gen was so great that they had to reduce the compression. There 
would then be ignition troubles if the proportions were not correct. 
Later Mr. Frost developed his producer which the speaker had 
observed in operation and found to work satisfactorily; but the gas 
engines operated in connection with it required excessive bore and 
stroke for a given amount of power, which increased the internal 
friction. The device, while simple to an engineer, is quite compli- 
cated to the average small gas-engine user. 

With regard to the oil engine, Mr. Yeatman said the oil com- 
panies were now extracting the dirt from the oil by centrifugal 
separators so that engines would operate without fouling the 
cylinders, and its use was one of atomization. 


1United Iron Works, San Francisco, Cal. 








. we WwW — 


ad 
FAS 
und 
nal 
pli- 


om- 
ugal 
the 




















DISCUSSION 927 





Ordinary carburetors, or most of them, are based on the suction 
principle, which is not sufficient to atomize the ordinary 10 to 18 
deg. gravity oils. Some manufacturers have developed a pressure 
atomizing mechanism which takes the place of a suction carburetor 
and considerable success has been had along these lines. Mr. Yeat- 
man had been informed by engineers who had observed tests that 
with the pressure atomizing apparatus they had been able to pro- 
duce a horsepower with ,°, lb. of California crude oil of 14 deg. 
gravity, which he thought marked probably the greatest progress 
toward economical procuction of power that he had heard of, and 
indicated lines for progress improvements. 


A. M. Hunt, the chairman of the meeting, said that the subject 
of the direct combustion of the fuel in the gas engine cylinder might 
profitably form a subject for discussion and referred to the Diesel 
engine which is used to a very considerable extent abroad, even in 
units of large size, but had never gained a foothold in California. 


G. H. Marx said that in 1904 he visited the laboratories at Munich, 
and was shown the engine on which Professor Shréder had performed 
his experiments, by his assistant, who assured him that they had used 
California crude petroleum in some of their tests, and that the petro- 


leum had worked very satisfactorily, and left no residue in the 
cylinder. 


Howarp STILLMaNn spoke of the operation of Diesel engines, re- 
lating experiences in the shops of the Southern Pacific Company at 
Ogden, Utah, and at Tucson, Ariz. He recounted how attempts had 
been made to operate the engine at Ogden with California crude oil, 
which were without success because it was frequently stopping and 
tying up the shop. A lighter distillate was then used which worked 
very well and was exceedingly economical, but even then, the engine 
was not reliable. The shop could not be kept going without resorting 
to the old steam engine. There were records of three weeks at a time 
when the performance was remarkable and then would come a period 
of, say two weeks when the Diesel Engine was hung up for repairs 
and the steam engine had to be used. 

At Tucson the engine was maintained longer, covering a period 
of three years, and the same attempts were made to use the crude oil 
or a lower gravity oil, but the engine was intermittent in its action. 
Finally, a Texas oil of lighter gravity than the California oil was 
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adopted and the performance of the engine was fairly good, although 
it had its difficulties. Whenit was working it wasasplendid machine. 
One attempt was made to dismantle the steam engine but fortunately 
this had not been completely done, when its services were required 
because of trouble with the Diesel motor. The motor was finally 
abandoned as it was found there was no net economy in operation. 
It could not be prophesied when it was going to stop and the steam 
engine was finally put into regular service again. Delays in o;era- 
tion of lineshafting in machine shop during working hours were 
expensive. 


R. W. FENN said that he had been in Chili and had found Diesel 
engines quite common there and inquired particularly about their 
operation from engineers in charge of them. They pronounced them 
ideal, but were using a Peruvian crude oil of 34 deg. gravity. 


A. F. L. Brew reported trouble in the operation of a 1000-h.p. 
Diesel engine installed at the United Verdi Mine. The engine had 
been bought without giving attention to where the oil was to be 
obtained and experiments were now being tried with samples of oil and 
distillate from different parts of the California oil fields. He thought 
that the California oil must have a carbonizing effect, causing this 
type of engine to stop at intervals. 


TuHos. Morrin said that he had had occasion a few years previously 
to inspect all of the carburetors made in the vicinity and that he found 
by using the carburetors in duplicate so that if one fouled a change 
could be made to the other and by feeding water into the inoperative 
one while it was still hot the deposit of dirt and carbon would slough 
off easily and it could be readily cleaned. The carburetor must be so 
constructed that it could be easily opened and tried out. If the oil 
was very dirty it might be necessary to have the carburetors in tripli- 
cate. No difficulty had been found in operating when the carburetors 
were cleaned with water or steam. 
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By B. R. T. Couuins 
ABSTRACT OF PAPER 


This paper calls attention to the possible use of oil fuel for steam generating 
purposes in the Atlantic Coast States, discussing its safety and permanency of 
supply, as well as conditions under which it has special advantages over coal. 
Typical analyses of crude and fuel oil are given, with a statement of advantages 
ind disadvantages when used for fuel as compared with coal. Some of the prin- 
ciples involved in efficient oil burning are stated, with a classification of oil 
burners or atomizers, several typical burners being illustrated and described. 
\ statement of general methods of installation is made, with the data of some 
recent tests, showing the results which can be obtained from well designed in- 
stallations properly operated. 

The principles on which ultimate economy of oil versus coal depend are briefly 
stated. The opinion is expressed that there is a small, but gradually increasing 
field for the economical use of oil fuel for steam generating purposes in the 
Atlantic Coast States, and also that the success of any oil fuel installation de- 
pends less on the burner used than on the general efficiency of the entire instal- 
lation and the intelligence with which it is operated after the installation is 
made, 








OIL FUEL FOR STEAM BOILERS 


By B. R. T. Cotuins, Boston, Mass. 


Member of the Society 


In view of the present gradually increasing cost of coal for steam 
generating purposes in the Atlantic Coast States and especially in 
New England, the question of a satisfactory and economical substitute 
naturally arises. Among various possible substitutes crude petro- 
leum and its residual product, commonly known as fuel oil, have 
attracted more or less attention since the discovery of the Texas 
oil fields about ten years ago. 

2 Fuel oil is more satisfactory for burning purposes than crude pe- 
troleum because it has had removed, by the process of partial distilla- 
tion through which it has passed, practically all of the light and 
easily ignited products, such as naphtha, gasolene and kerosene, 
together with any water or muddy portion which the crude oil may 
contain. Hence, while the crude oil is burned with safety in tre- 
mendous quantities in the Gulf States and along the Pacific Coast 
under proper precautions, fuel oil, which has a considerably higher 
flash point and calorific value, can be used for fuel by men of ordinary 
intelligence with practically the same safety as coal. 

3 The cost of fuel oil in the New England States has been decreas- 
ing recently so that at the present time it can be purchased there more 
cheaply than in the western part of Texas. This isdueto the fact that 
the cost of transporting oil in tank cars to western Texas is greater per 
barrel than the cost of transporting it to New England in barges and 
tank steamers, the largest of which have a capacity of 100,000 bbl. 
each, containing the heat equivalent of 25,000 tons of high-grade 
coal. Advances in the construction and in the capacity of oil carriers 
have made it possible to transport petroleum and its products more 
cheaply than any other cargo and as safely, provided those who 
handle them use common sense and intelligence. 


Presented at the Boston meeting, April 1911, of Tae AMERICAN SocreTy or 
MrcHANICAL ENGINEERS. All papers are subject to revision. 


931 





932 Ol1L FUEL FOR STEAM BOILERS 


4 Another reason for lower prices of petroleum products is the 
competition which now exists in the supply of these products for New 
England consumers. This condition tends also to keep prices on a 
more uniform and steady basis than was the case a few years ago 
when no competition existed. 

5 The production of fuel oil at the present time is much greater 
than it ever has been, due partially to the great demand for gasolene 
for use by automobiles and other gasolene engines, thus producing 
more residuum and causing less crude oil to be burned in the immediate 
vicinity of the oil fields. This also causes more fuel oil to be available 
for shipment from Gulfport refineries. 

6 This result is also partially due to the ease with which the crude 
oil is brought to the refineries by means of the increasing number of 
pipe lines which carry enormous quantities of oil at a rapid rate for 
hundreds of miles. 

7 At present the major portion of the supply of oil for fuel pur- 
poses for the north Atlantic States comes from Texas, Louisiana, 
Oklahoma and Kansas, this group of States producing about 62,000,- 
000 bbl. in 1909, or over one-third of the total production of petro- 
leum for the United States in that year, in spite of the fact that Califor- 
nia made an increase of over 20 per cent above her production of 
petroleum for 1908. During the year 1910 there was an increase to 
72,000,000 bbl. in the production of crude oil in the states mentioned, 
as well as a phenomenal increase of 50 per cent in California, to 
77,000,000 bbl., thus making the total production for the United 
States 216,500,000 bbl., or about two-thirds of the total production 
of crude petroleum for the world. 

8 The interest that fuel users along the Atlantic coast have in 
California oil may seem at first thought to be very small, but with the 
opening of the Panama Canal now promised for 1915, a means.will 
be provided for the easy and cheap transportation of California’s 
surplus production to Atlantic coast ports. Furthermore, the strip of 
country between the mountain ranges and the Pacific Ocean in 
Mexico, Ecuador, Peru and Chili is known to be rich in petroleum, 
and with the completion of the canal all of this region as far south as 
Valparaiso, Chili, will be brought nearer to the Atlantic seaboard 
than the port of Los Angeles, Cal. Consequently, the permanency 
of the supply of liquid fuel would seem to be assured for a consider- 
able period of years to come, especially after the opening of the Panama 
Canal. 

9 It is understood, of course, that the supply of fuel oil at the pres- 











ent time would take care of only a small portion of existing steam 
plants now using coal, but judging from the fact that the production of 
‘rude petroleum in this country increased over threefold during the 
iast- ten years, there should be sufficient fuel oil to take care of a 
-radually increasing class of plants which for various reasons and con- 
litions can use it economically. Included in this class would be: 

a Plants where the cost of handling coal by ordinary methods 
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is higher than the average because of local conditions, and 
where the installation of suitable coal-handling equipment 
would not be warranted by the saving eficcted. For in- 
stance, a plant located on navigable water, but with the 
channel at a considerable distance from the shore, neces- 
sitating expensive wharves, docks, coal pockets and coal- 
handling equipment, in order to receive coal by water; or 
a plant at some distance back from the water front or at 
some elevation above it, or both, necessitating a similar 
large expenditure. In either of these cases, oil could be 
delivered to storage tanks located underground 30 ft. 
from the boiler room or above ground 200 ft. away for 
the cost of a properly installed pipe line and the power 
required to pump the oil from the barge into the storage 
tank; the barge being made fast to a few piles at the edge 
of the channel while unloading in the case where the 
channel is at some distance from the shore. 


b Plants where boilers are fired by hand and more than one 


fireman is required on each shift. Take, for instance, a 
plant of four 500-h.p. boilers, requiring four firemen and 
possibly a water tender and coal passer on shifts where the 
full capacity of the boilers is required. With a proper fuel 
oil installation, one man could do all of the firing, water 
tending and tube blowing required and take care of 
the feed and oil pumps if located near the boilers, as well 


as all the polishing and cleaning required in the boiler 
room. 


c Plants where greater capacity is required than can be ob- 


tained with the coal available. With oil, 35 per cent or 
more additional capacity can be obtained than with high- 
grade coal. This has been proved by plants in Peansyl- 
vania changing from oil to coal and being. obliged to 
install 35 per cent more boiler capacity to carry the same 
load as was carried before with: oil.,.-: 


~~ 
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d Plants where the boiler capacity is limited by the capacity 
of the existing stack or stacks and where it is not desired 
to install more stack capacity, although more boiler 
capacity must be obtained. Oil fuel can give this added 
boiler capacity without increasing the stack capacity, as 
the stack area required for the same boiler capacity with 
oil is only about 60 per cent of that required for coal. 

e Plants where a very small amount of soot from the stack 
would cause damage to manufacturing processes if it 
entered the factory buildings. Oil can be burned with 
absolutely no smoke. 

f Plants where it is necessary to keep smoke below certain 
fixed limits at all times, due to smoke ordinances. 


OIL ANALYSES 


10 In order to make comparisons between the calorific value and 
other properties of crude oil, fuel oil and any particular coal, Table |! 
is given, with the authority therefor in each case. 


TABLE 1 PROPERTIES OF CRUDE AND FUEL OIL 


3 Authority 


vey 


fee) 


Hydrogen I 
Sulphur 


Crude Sour Lake, Tex. . 18460 \ Prof. A. C. Scott, 
Crude Beaumont, Tex. : 18500) { Univ. of Texas 


Crude Beaumont, Tex. -6 | 10.9 1.63 | 2.87 0.9240 19060 |U. S. Naval Liquid 
Fuel Beaumont, Tex. .3 12.4 0.50 | 3.83 (0.9260 19481 {Fuel Board 


Cy FP ioc glace calencccclescevslecsecs 0.9416 18513, Prof. W. C. Blasdale, 
Univ. of Cal. 


ADVANTAGES AND DISADVANTAGES OF OIL FUEL 


11 The advantages of oil fuel may be summarized as follows: 

a Calorific value per pound 30 per cent higher than that of 
high-grade coal, a less weight of oil being required to give 
the same heating effect. 

b Space required for storage of oil is less than that for an 
equal weight of coal. Fifty per cent more heating value 
can be stored in the same cubic volume and at greate: 
distance from the boilers without extra expense. 
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c Oil does not deteriorate by storage, as coal does to a greater 
or less degree, but maintains its heat value indefinitely 
in ordinary ventilated storage tanks. 

d Lower temperature in boiler room. 

e Area of stack 60 per cent of that required for coal for equal 
boiler capacity, thus enabling a plant having insufficient 
draft with coal to have an excess amount with oil, a change 
from coal to oil for fuel making installation of additional 
stack capacity unnecessary. 

f Less heat lost up the stack, owing to cleaner condition of tubes 
and to smaller amount of air which has to pass through 
furnace for a given calorific capacity of fuel. 

g Higher efficiency due to (1) more perfect combustion with 
less excess air, (2) more equal distribution of heat in com- 
bustion chamber, as doors do not have to be opened, and 
(3) small amount of soot deposited on the tubes. 

h Increase in capacity of 35 per cent to 50 per cent over coal, 
depending on grade of coal and draft conditions with coal. 

i Heat is easier on the metal surfaces, being more evenly 
diffused over the entire heating surface of the boiler. 

j Ease with which fire can be regulated from a low to a most in- 
tense heat in a short time or entirely extinguished in- 
stantly in case of emergency, such as water dropping out of 
sight in gage glass, and quickly relighted when the emer- 
gency is over. In less than half an hour a boiler can be 
brought up to 150 lb. steam pressure from cold water, if 
necessary. By meansof anautomatic regulator varying the 
pressure of oil and steam or air to the burners or atomizers, 
the steam pressure can be maintained within 5 lb. total 
variation, with sudden changes in load amounting to 50 
per cent and over. 

k Smoke can be entirely eliminated. 

! No cleaning of fires, thus boilers can maintain their maximum 
capacity continuously, if necessary. 

m Much lower cost for handling oil, as it runs by gravity or 
is pumped into and out of storage to the boilers. 

n Absence of coal dust and ashes, thus enabling everything 
in the boiler room to be kept clean; therefore less wear 
and tear on pumps or other machinery. No expense for 
handling and removing ashes. 
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o No firing tools used, consequently no damage to furnace 
linings from this source. No clinkers to be removed from 
grate bars or furnace side walls. 

p Less shrinkage and loss in handling oil fuel than in handling 
coal. 

q Great saving of labor of all kinds: firemen, coal passers, ash 
wheelers, tube blowers, etc. 

The disadvantages of oil fuel are: 

a Low flash point. Fuel oil should have a flash point not 
lower than 140 deg. fahr., and with oil of this quality, 
handled by men of ordinary intelligence and common sense, 
there is practically no more danger than with coal. 

b The ordinary underwriters’ or city requirements specify that 
storage tanks for fuel oil be located underground and at 
least 30 ft. from the nearest building. This can generally 
be complied with in the case of the power plant of the 
average manufacturing concern, but in the case of a plant 
in the congested districts of a city it is likely to be pro- 

; hibitive. 

c With boilers using feed water of considerable scale-making 
qualities, the cost of repairs is likely to be increased by 
changing to oil, owing to the intense temperature devel- 
oped in the furnace. However, with a proper setting for 
burning oil, repairs due to overheated tubes or surfaces 


should be less than with coal, unless the feed water is very 
bad. 


PRINCIPLES INVOLVED IN EFFICIENT OIL BURNING 


13 The requirements for the perfect combustion of liquid fuel are 
as follows: Reduction to a fine spray or complete atomization; bringing 
it into contact with the proper amount of air; mixture of oil spray and 
air burned in a furnace of a refractory material with room enough 
to complete combustion before the gases come in contact with the 
boiler heating surfaces. 

14 The first condition is fulfilled by selecting a proper burner, 
and the remaining conditions can generally be obtained by making 
slight changes in, or additions to, the existing furnaces. 

15 The question whether to use steam or air for atomizing the oil 
seems generally to have been decided in favor of steam, as experi- 
mental results show that it takes about the same amount of steam 
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to operate the air compressor as it does to atomize the oil at the burner 
and the additional investment and complication involved with greater 
possibility of interrupted service is avoided. 

16 It is also easy to see that a flat fan-shaped flame presents a 
larger surface for heat radiation and uniform distribution of gases than 
any other shaped flame, and at the same time requires a minimum 
number of burners per boiler. 

17 Heating of the oil is an aid to economical combustion, and 
should take place as near the furnace as possible and be carried as 
high as safety permits, but not so high as to cause the oil to decompose 
and carbon to be deposited in the supply pipes. If preliminary heat- 
ing is limited to the temperature of the flash point of the oil used, 
there can be no trouble from the above-mentioned causes. 

18 In oil burning, although a certain amount of skill is required 
for hand adjustment of the burners to obtain the best results, still, 
with automatic regulation, the skill is reduced to a minimum, the 
principal work of the fireman being to see that the oil pump is kept in 
constant operation and that the burners do not become clogged with 
small particles of foreign matter, scale, etc., especially when the in- 
stallation is new. Strainers of proper design, however, introduced 
on the suction line to the pump and also between the pump and the 
burner, will reduce this trouble to a minimum. Burners should be so 
installed that they can be easily disconnected from the piping and 
taken from the furnace for the removal of any foreign substance 
from their restricted orifices. 

19 One of the most important questions in the combustion of 
liquid fuel is the regulation of the air supply in such a way as to obtain 
perfect combustion before the gases come in contact with the heating 
surfaces of the boiler. This can be done with an automatic damper 
regulator, although its adjustment is rather difficult. It is therefore 
usually accomplished by hand regulation of the damper when consider- 
able variations in the load take place. This is supplemented by 
changing the position of the ash-pit doors, which are kept partly 
closed until a slight tendency to make smoke is noticed in the furnace 
when they are opened until this tendency disappears; or, better, 
by using an Orsat or continuous CO, gas analyzer to determine the 
position of damper and ash-pit doors which gives most complete com- 
bustion under certain constantly recurring conditions. 
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TYPES OF OIL BURNERS 


20 Although thousands of patents have been granted for oil 
burners or atomizers two general subdivisions or five general classes, 
as designated by the U.S. Naval Liquid Fuel Board, cover practically 
all of the main features of construction. 

21 The two general subdivisions are: 

a Outside mixing. Oil and atomizing agent meet outside the 

burner. 

b Inside mixing. Oil and atomizing agent meet inside the 
burner. 

The five general classes included in Par. 21 are: 

c Drooling. Oil oozes out on to steam or air jet. 

d Atomizing. Oil is swept from orifice by steam or air jet. 

e Chamber. Oil mingles with steam or air in body of burner 
and the mixture issuing from nozzle is broken into minute 
particles by the expansion of the steam. 

f Injector. Similar in principle to boiler feeding injector. 

g Mechanical spraying. Effected by mechanical means: with- 
out the use of atomizing agents, such as steam or com- 
pressed air. 

23 The important features which should be embodied in all burners 
are: easy method of installation, construction that will allow quick 
inspection, easy removal of all foreign material which may clog the 
burner at any point and rapid and cheap renewal of any parts which 
are subject to wear. 


METHOD OF INSTALLATION 


24 In spite of the various principles involved in burner construc- 
tion, the success of an oil fuel installation depends not so much on the 
type of burner or atomizer used as on the method of its installation, 
and the intelligence with which it is operated after the installation is 
made. 

25 To conform with the underwriters’ requirements, storage 
tanks above the surface of the ground should be placed at least 200 
ft. from inflammable property, and the top of the tanks should be 
located below the level of the lowest pipe used in connection with the 
apparatus. When the tanks are located underground, they should be 
outside the building, at least 2 ft. below the surface and 30 ft. from 
any building, with the top of the tanks below the lowest pipe in the 
building used in connection with the apparatus. In small and medium 
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sized installations, steel tanks coated with tar, having a capacity of 
8500 to 15,000 gal. each, or 200 to 370 bbl. of 42 gal., are generally 
used for storage. In larger installations, reinforced concrete tanks, 
venerally rectangular in shape, are used. These are usually made 
with a partition in the centre, so that any sediment or thick material 
may be periodically cleaned out without interfering with the continu- 
ous supply of fuel. The capacity of the storage tanks may vary from 
a supply sufficient for two weeks, when the oil is near at hand, and 
more may be obtained on one day’s notice, to a supply sufficient for 
two or three months when the source of supply is at a considerable 
distance and delivery is in large quantities at irregular intervals. 

26 Storage tanks should be fitted with vent pipes, indicators 
showing level of oil in tanks, filling pipes, arrangements for freeing 
tanks from water, suction pipes, return or overflow pipes, steam pipes 
for filling space in tanks above oil with steam in case of fire, and suitable 
manholes for cleaning out purposes. A suitable strainer should be 
installed on the suction line between the storage tanks and the oil- 
pressure pumps. The suction line should slope so that it will drain all 
oil back to the storage tanks when the pump is stopped and a vent 
opened. 

27 Duplicate oil-pressure pumps should be installed with pump 
governors and all piping in connection with these pumps should be 
cross-connected in such a manner that a change can be made from one 
to the other and repairs made to either without interrupting the service. 

28 A suitable oil heater should be installed, so that the exhaust 
steam from the oil pumps can be utilized to heat the oil before it 
reaches the burners. A suitable relief valve should be installed on the 
discharge line between the pumps and the burners set at a definite 
maximum oil pressure. 

29 An oil meter should also be installed in the discharge line to 
check the storage-tank indicator readings. ll oil piping should be 
installed so that it can be drained back to the storage tanks by gravity 
in case of necessity. 

30 Provision should be made for removing any condensation 
from the steam lines to the burners. Automatic regulating devices 
should be installed to vary the pressure of both oil and steam to the 
burners in accordance with the demand for steam on the boilers, thus 
keeping a uniform steam pressure with a variable load, relieving the 
fireman of constant adjustment of burner valves and enabling him to 
take care of a much larger capacity of boilers than-he otherwise 
could. 
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31 In case a plant is operated only ten hours per day, no steam 
being required for the rest of the 24 hours, it is necessary to install a 
small auxiliary boiler for the purpose of providing steam to atomize 
the oil while firing up the main boilers. In case of horizontal return 
tubular or Heine boilers, the burners should be placed at the front, 


TABLE 2 GENERAL DATA AND RESULTS OF 


Date of test, 1910 

Test number 

Duration of test, hours 

Steam pressure, lb. . 

Steam temperature. deg. fahr 
Superheat, deg. tahr 

Feed water temperature, deg. fahr 
Factor of evaporation 

Average water level, in 

Barometer, in 


Temperature first pass above third tube, deg. fahr 

Temperature top first pass, deg. fahr 

Temperature top second pass, deg. fahr 

Temperature bottom second pass, deg. fahr 

Temperature bottom third pass, deg. fahr 

Total water actually evaporated, lb 

Total water evaporated from and at 212 deg. fahr., lb 

Water evaporated from and at 212 deg. fahr., lb. per hr 

Steam used by burners, lb. per hr 

Steam used by burners, per cent of total steam 

Steam pressure to burners, Ib 

Oil pressure to burners, Ib 

Temperature of oil to burner line, deg. fahr 

Specific gravity of oil at 60 deg. fahr 

Specific gravity of oil, Baumé, at 60 deg. fahr 

Moisture in oil, per cent 

Heat value of oil as fired, B.t.u.. ; 

ee... uu cebeksoueseeebaccecdeeenevecesoeaserevece 

Total oil as fired, lb 

Total oil corrected for moisture. Ib... 

Oil fired, Ib. per hr.. 

Oil corrected, Ib. per hr.. — 

Water evaporated from and at 212 des. v wey per sq. ft. heating surface, Ib. 

Boller horsepower builder's rating.. te 

Boiler horsepower developed 

Per cent of builder's rating.. ane 

Water evaporated per Ib. of oll ‘fou as fired, Ib a, 
from and at-212 deg: faht..... | Corrected for moisture, Hb. .... 

Boller efficiency, per cent Daa 
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firing towards the bridge wall. However, in the case of boilers of the 
Babcock and Wilcox type, higher efficiency can be obtained by placing 
the burners at the bridge wall and firing towards the front of the boiler. 

32 It is sometimes an advantage to be able to change quickly 
from oil to coal and from coal to oil. This arrangement can generally 


TESTS ON OIL-BURNING BOILER, REDONDO, CAL. 


Aug. 9 Aug. 10 Aug. 11 Aug. 12 Aug. 13 
4 5 6 
7 7 7 
184.7 183.5 184.6 
473.8 493.8 
93.0 112.5 
90.8 94.6 
1.237 1.245 
4 4 
30.08 30.04 
87.3 86.7 
429.0 477.1 
0.071 
0.060 
0.133 
14.2 
1.7 
11.3 


12.40 
780 
650 

. 550 
530 


Sep. 5 
7 
7 
184.9 
526.7 
144.3 
101.2 
1.259 
4 
29.68 
84.4 
537.5 
0.230 
0.188 
0.471 
12.1 
6.8 
43.0 
Light haze 
1600 
1170 
820 
700 
660 
226558 
285236 
40748 
873 
2.13 


61.6 


12.9 
0.6 


ere of 
all tests 
7 
184.8 
479.8 
98.3 
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be provided for, although in some cases, on account of a lack of 
sufficient combustion chamber space, a more efficient furnace may be 
installed by making the change back to coal a somewhat longer pro- 
cess, requiring the insertion of bearer bars and grate bars, which would 
be left in place in the arrangement first referred to. 


TESTS OF OIL-BURNING BOILERS 


33 Table 2 gives the data and results of a series of tests recently 
made by The Pacific Light and Power Company at their plant, Redon- 
do, Cal., on a 604-h.p. Babcock and Wilcox boiler equipped with 
Hammel furnace and burners. The boiler was in regular service and 
under usual plant operating conditions. The ash-pit doors were wide 
open during all tests. The tests were under the direction of Frank 
T. Clarke of the power company. Six of the tests were conducted 
on six consecutive days. The boiler used for testing was No. 1, 
in battery 1, erected in 1906; heating surface, 6042 sq. ft. The 
oil used was crude from the Los Angeles fields, the calorific value 
being obtained by the New York Testing Laboratory, Los Angeles 
branch. 

34 It will be noted that the average temperature of the flue gases 
is 435.5 deg. fahr. with a minimum of 385.3 deg. fahr. at 72.7 per cent 
of rating, and a maximum of 537.5 deg. fahr. at 195.5 per cent of rating. 
The average per cent of CO, is 13.2, and excess air 21.2 per cent; 
steam used by burners 2.15 per cent. The highest efficiency obtained 
was 83.3 per cent. This was on the test of August 11, while running 
at 109.2 per cent of the builder’s rating, and the water evaporated 
per pound of oil from and at 212 deg. fahr., corrected for moisture, 
was 15.81 lb. The average efficiency for all seven tests, running from 
72.7 per cent up to 195.5 per cent of rating, was 80.47 per cent, and 
the average evaporation from and at 212 deg. fahr. was 15.23 lb. 

35 In Table 3 are given results of tests made at the Ravenswood 
plant of The New Amsterdam Gas Company, Ravenswood, N. Y. 
These tests were made on a 595-h.p. Babcock and Wilcox boiler, 
equipped with a Peabody furnace and four No. 1 burners. The tests 
were made for the company by N. E. Lewis. The boiler had 5946 sq. 
ft. of boiler heating surface, and 841 sq. ft. of superheating surface. 
The fuel used was a low grade of fuel oil, hardly higher in heat value 
than gas-house tar. Attention is called to the fact that only 1.43 
per cent and 1.54 per cent respectively of the steam generated 
was used to atomize the oil in the burners. The two series of 
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tests show the results that can be obtained with good oil-burning 
equipment well installed and properly operated. 


RELATIVE COST OF OiL AND COAL 


36 A tabulation could be made showing the number of barrels of 
oil equivalent to a ton of coal of varying calorific value, but this would 


rABLE 3 GENERAL DATA AND RESULTS ON TESTS ON OIL-BURNING BOILER, 
RAVENSWOOD, N. Y. 


I iiinch cca prea wianeetSeh sbinckad basse tascan anes etetl 4760 4761 
Date of test, 1907 July 3 
Duration of test, hours 5 4 
Steam for atomizing, superheated or saturated......... Saturated Saturated 
Steam pressure by gage, lb 145 142 
Temperature of feed water, deg. fahr......... 132.4 119.6 
Degrees of superheat, deg. fahr..... : 85 83 
Factor of evaporation... j itee - 1.1750 1.1868 
Total oil burned, lb a“ , pee ‘ 8273 6687 
CO te I, Fis hind cides ic dec consescen 1655 1672 
Total water evaporated, lb 101546 82317 
lotal water evaporated from and at 212 deg. fahr., lb 119317 97694 
Water evaporated per hour from and at 212 deg. fahr., lb 23863 24423 
Draft, boiler side of damper, in....... 
Draft in furnace, in 
femperature waste gases in flue, deg. fahr....... 
[emperature air in boiler room, deg. fahr.. 
Temperature oil at burners, deg. fahr.. 
Carbon dioxide, per cent. 
Flue gas analyses Oxygen, per cent 
Carbon monoxide, per cent 

Water evaporated per sq. ft. boiler heating surface per hour from and at 

212 deg. fahr., lb 
Water evaporated per sq. ft. total heating surface per hour from and at 

212 deg. fahr., lb 
Water evaporated from and at 212 deg. fahr. per Ib. of oil . 
Horsepower developed 
Per cent of rated capacity developed 
Steam used by burners per hour, Ib......... : 
Per cent of steam generated used by burners 
Net water evaporated from and at 212 deg. fahr. per lb. of oll (allow ns fer 

steam used by burners) 
B.t.u. per Ib. of oil 
Efficiency based on gross evaporation ..................... 


be of very little practical value taken alone, for the reason that the 
efficiency of a boiler using oil fuel would be from 5 per cent to 15 per 
cent higher than when using coal, due to more perfect combustion 
with oil. The gain in efficiency would vary with the size of the boilers, 
character of furnaces and other equipment, intelligence of firemen, 
etc. 
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37 Although a fair idea may be obtained of the comparative cost 
of the two fuels by making certain assumptions in regard to heat 
values, specific gravity, gain in efficiency, etc., still this will not en- 
able one to figure the saving which could be made by changing from 
one fuel to the other. The reason for this is that the saving generally 
depends on other things than the cost of the fuel. The saving in fire- 
men and coal passers, increase in capacity, facilities for fuel storage, 
advantage of pumping fuel over methods of handling coal, elimina- 
tion of handling ashes, quantity of coal used for banking fires, elimi- 
nation of smoke and other things, many of which cannot be figured out 
in advance in dollars and cents, would throw the ultimate cost decid- 
edly in favor of oil. The only way to determine the exact saving is 
to operate the plant with each fuel for a long enough period to get 
accurate data on all the items entering into the question. 


CONCLUSION 


38 The writer believes that there is a comparatively small, but 
gradually increasing field for the use of oil fuel for steam generating 
purposes in New England in plants where special conditions enable 
a net saving to be made when everything entering into the problem is 


taken into consideration. 

39 The writer also believes that the success of any oil-fuel installa- 
tion depends less on the type of burner or atomizer used than on the 
general efficiency of the entire installation and the intelligence with 
which it is operated after the installationismade. Therefore, the work 
of designing and constructing such installations should be entrusted 
only to those having had extended practical experience in burning oil 
fuel and the operation of these installations should not be given to 
unskilled labor, for, in order to obtain the economic results possible 
from the use of oil fuel, it will be necessary to employ men of intelli- 
gence and skill as firemen. 





APPENDIX No. 1 


40 A few typical burners representative of the subdivisions and classes 
mentioned in Par. 20 are shown in Figs. 1-13. Although these cover only a few 
of the burners and furnaces now in use in this country, not to mention the large 
number of systems of oil burning, the writer believes that they are sufficiently 
typical to show general principles involved, which is all he can attempt in this 
paper. The author is responsible for the general classification given in the 
case of each burner, but the details of construction and operation are as given 
by the manufacturers in their descriptive literature. 

Fig. 1 Peabody No. 1. Outside mixing. Drooling. Fan-shaped flame. 
Spraying from sharp edge. The cut shows clearly the details of construction, 
including oil strainer, steam by-pass for blowing out oil passages, oil pipe 
jacketed by steam and removable burner tip. 

41 This tip contains two very narrow slots separated by a diaphragnmi, the 
lower slot for steam and the upper for oil. The oil falls at right angles upon the 
steam jet which atomizes it and the oil is burned in a fan-shaped flame. It wiil 
be noted that the tip is held in position by a single bolt so that it can be readily 
cleaned if necessary. The mixing or atomizing is done entirely outside the 
burner. This style is for use in connection with the Peabody furnace, in which 
the burner tip is located at the bridge wall and the flame projected towards the 
front of the boiler. 

Fig. 2 Peabody No.2. Similar to Peabody No. 1 except that it is designed to 
be placed at the front of the boiler and to project the flame toward the bridge 
wall in the ordinary manner. 

Fig. 3 W.N. Best high-pressure oil burner. Outside mixing. Atomizing. 
Long slot. Spraying from sharp edge. The air or steam meets the oil at right 
angles, thus atomizing it externally. Either a long narrow flame or a fan-shaped 
flame can be provided as required. 

lig.4 W.N. Best oil burner with piping connections. Same as Fig. 3, except 
fitted with piping of sufficient length to go through the front setting of boiler. 
By-pass is provided for blowing out any foreign substance that enters the oil 
pipes. The atomizer lip is hinged and means provided for raising the lip for 
blowing-out purposes without removing the burner from the boiler. 

Fig. 5 Gem oil burner. Outside mixing. Drooling. Rose-shaped orifice. 
Spraying aided by centrifugal action from internal screw and cone. Oil heated 
by atomizing steam on the way to burner tip as it surrounds oil pipe. 

Fig. 6 Gilbert and Barker oil burner. Outside mixing. Drooling. Rose- 
shaped orifice. Spraying aided by slight centrifugal action from internal helix. 
Adapted for use where very heavy consumption of oil is required, such as heavy 
metallurgical operations, brick kilns, etc. 
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Fig. 7 Rockwell high-pressure oil burner. Outside mixing. Atomizing. 
Steam or air and oil nozzles remcvable for cleaning-out purposes. Steam or 
air nozzle outside of oil nozzle. Adapted for light or heavy work. 


STEAM INLET 


Fic. 6 GiLBertT AND BarKER O1L BuRNER 














Fie. 7 Rockwe..t Higu-PrREssurREe O11 BuRNER 


Fig.8 Hammel oil burner. Inside mixing. Chamber and atomizing. Long 
slot. Spraying from sharp edge. All parts are named in the cuts. Oil enters 
at A and flows through D into mixing and atomizing chamber C; steam enters 
at B passes through F, E and then through three small slots, G, H and I into mix- 
ing chamber C, where it meets the oil. The small steam jets break up the oil 
in the mixing chamber and the mixture is ready for ignition as it issues from the 
fan-shaped orifice. This orifice is provided with removable steel plates, which 
can be replaced easily in case of wear. 
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Fig.9 Kirkwood oil burner. Inside mixing. Injector. Rose-shaped orifice. 
Spraying from sharp edge. Both oil and steam valves seat at tip of the burner 
and are equipped with indexes showing the amount of oil and steam turned on. 














View with Bottom Removed. 


a> [iy 


View with a 
and Front Removed. 

















Fig. 8 Hamme. O11 BurNER 


A Orifice for Oil Supply Pipe. B Orifice for Steam Supply Pipe. C Mixing or Atomizing 
Chamber. D Oil Inlet Duct. EZ Equalizing Steam Chamber. F Steam Entrance. G, H, / 
Steam Ducts. J Set Serew holding Plate. K Removable Sieel Plates. X By-Pass or 
Blow-Out Valve. 






































Fic. 9 Kirxwoop O11 BurRNER 


In another style of this burner one lever controls both the oil supply and the 
steam necessary for atomizing, the proportion being fixed before shipment from 
factory. 
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Fig. 10 Improved Little Giant oil burner. Inside mixing. Chamber. 
Double long slot. Spraying from sharp edges. Oil pipe surrounded by steam 























Fic. 10 Improvep Litrie Giant O1L BurNER 
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Fig. 11 Texas Om Burner 
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which enters mixing chamber near tip. A separating diaphragm causes an 
equal amount of the mixture of oil and steam to issue from each opening in the 
tip. A special non-clogging oil valve is used. 

Fig. 11 Texas oil burner. Inside mixing. Chamber. Fan-shaped flame. 
Spraying aided by centrifugal action from internal screw. As the oil flows into 


y 


KoeRTinG PATENT 
On Firinc System 
ON BOILERS OF 
Torpeoo Boat DesTROYERS. 


f 
A- Boer Front Casins 


B- Automatic Air Doors 
- Air Recister ano Siioc 
- REGULATING HANOLE 
- Removaece Burner 
- Burner Cramp 
= Ou Sut orr Cock 
- STRAINER 
J- On Distrisutine Pipe 


| , 
HN 
| 


| | 











t 
ScHuTTte &KoERTING Ca, 


PHILADELPHIA PA 
Scae 4 Sax 


NG 


KoERTING O1L BuRNER 





B. R. T. COLLINS 953 


the large mixing chamber it is picked up by the steam to which rotary motion has 
been imparted by a short helix in the steam passage just back of the oil inlet. 
The mixture then passes along the chamber through a spiral passage occupying 
about one-half of its length which sets up a strong centrifugal action so that the 
oil is thoroughly atomized and vaporized when it issues from the fan-shaped 
orifice in the small chamber at the tip of the burner. This orifice is made to give 
any width of flame required and the tip is easily renewable in case of wear. 

Fig. 12 Koerting oil burner. Mechanical spraying by pressure and centrifu- 
gal action from internal screw. Oil is delivered to the burner under sufficient 
pressure to break it up into a conical spray with the aid of spiral blades which 
set up a strong centrifugal action and a central cone at the tip which helps to 
maintain the centrifugal effect until the oil issues from the orifice. By loosen- 


Fic. 13 Peaspopy Furnace ror Liquip FuEL 


ing the clamp screw and throwing it into the dotted position shown, all working 
parts of the burner are quickly removable for examination or cleaning. The sup- 
ply of air is introduced through adjustable openings shown in the cut so that it 
will impinge directly on the spray of oil thus effecting immediate combustion. 
The fact that this burner requires neither steam nor compressed air for atomiz- 
ing makes it especially desirable for marine and naval boilers where fresh water 
for boiler feed make-up purposes is expensive. 

Fig. 13 Peabody furnace for liquid fuel. E. H. Peabody of the Babcock 
and Wileox Company, while making an exhaustive study several years ago of 
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methods of burning oil under water-tube boilers, discovered that by placing 
the burners at the bridge wall and projecting the flame toward the boiler front 
a large gain in efficiency and capacity could be made. This gain is due to the 
thorough distribution of the flame through the furnace and the complete com- 
bustion of the gases before coming into contact with the boiler tubes as well as 
the consequent improved utilization of the entire heating surface in the first 
pass of the boiler. All details of the furnace are clearly shown in the cut, in- 
cluding extension of furnace towards the rear of the boiler, arrangement of air 
openings, method of supporting burners and inserting them through special 
slide ways supported on the bearing bars which hold the floor of the furnace. 

42 The Hammel furnace, used in the tests in Table 2, is based on the Peabody 
patent furnace (Fig. 13) with the addition of a slot in the bridge wall in which 
the burner is placed for protection from the heat and a separate air tunnel 
to each burner so that one or more burners may be extinguished and their air 
supply entirely shut off, thus maintaining the efficiency of the burners still in 
use. 





DISCUSSION 


k. H. Peasopy judged that the reference to the steam con- 
sumption of the oil burners, in Par. 33, pertained to the tests made 
by N. E. Lewis at the Ravenswood works of the New Amsterdam 
Gas Company, the results of which are given in Table 3. These tests 
were two incidental runs made in a series of experimental tests mainly 
with gas-house tar as fuel. It was not expected that they would 
achieve the distinction of appearing in the proceedings of the Society, 
and while very good tests, they should not be taken as a fair com- 
parison of results obtained with Hammel burners, as their proximity 
to Table 2 of the paper would seem to indicate. In reference to Par. 
12, Mr. Peabody said that in his original study of oil furnaces in 
California, he had experimented with separate air ducts or tunnels to 
the individual burners, and the earliest installations of the Peabody 
furnace on the Pacific coast in 1903 embodied this idea. 


M. H. Bronspon! stated that every one of the tests of crude or 
fuel oil made for him by Professor O’Neill at the University of Cali- 


fornia showed the same calorific value (practically), regardless of its 
specific gravity or whether or not the gasolene had been removed. 
The more fluid the oils, the less troublesome they were, as they re- 
quired a much lower pressure to send them through the piping; and 
where the specific gravity is 17 deg. Baumé, or lighter, at 60 deg. 
fahr., no warming during the pumping process was necessary. 

The use of fuel oil removes one of the most important and expensive 
items of power plant operation from the hands of unskilled labor (i.e., 
the ordinary fireman), and places it upon an efficient basis, as with 
proper installation economical operation is dependent only upon reli- 
able and very simple mechanism. 

Where oil is used for fuel, perfect combustion may be obtained 
under all conditions of load with proper installation, excepting when 
the fires are first lighted and the brick work is comparatively cold. 
Boiler settings and boiler tubes last much longer with fuel oil than 
with coal, provided the tubes are kept clean. 


‘Chief Engineer, The Rhode Island Co., Providence, R. I. 


Presented at the Boston Meeting, April 1911, of Tae American Society or 
MecHanicaL Enainesrs. All discussion is subject to revision. 
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The impression should not be given, as stated in Par. 11, that by 
changing from coal to fuel oil the capacity of any boiler plant can be 
increased to from 35 to 50 per cent. In boiler plants with sufficient 
draft to burn large quantities of coal, or where the evaporation can be 
made to exceed, say 7 lb. of water per sq. ft. of heating surface, fuel 
oil will not increase the capacity 35 to 50 per cent. 

His experience led him to favor burners of the type known as 
“outside mixers,” i.e. where the oil and steam mix just beyond the 
tip of the burner. Carbon seldom causes trouble with burners of this 
type, even where the oil is quite hot before it reaches the burner. 
There seems to be no practical difference in the efficiency, however, 
in the use of either inside or outside mixer burners. 

In a well designed and carefully operated boiler plant using coal 
for fuel, where the efficiency is approximately 75 per cent or better, 
the use of fuel oil will not change the efficiency materially. Ina plant 
which operates from 20 to 24 hours a day, the standby losses will, 
of course, be lower with oil than with coal, due to the fact that there 
are no banked fires to be maintained under spare boilers, some of 
which are of use only during the peak load conditions. The gain 
in efficiency is not due simply to the use of fuel oil, but rather to better 
conditions which are maintained with less effort, such as the removal 
of soot from the tubes, cleaner back connections, and the fact that 
the fireman is not fatigued by his labors, but can without any particu- 
lar effort see that perfect combustion ismaintained. The CO, recorder 
becomes a valuable instrument in a boiler room using oil for fuel. 

Comparing the cost of fuel oil with coal, we should consider, first, 
the cost of coal alongside, plus discharging costs, plus conveyor costs, 
plus the cost of removing ashes; second, the B.t.u. per ton of coal. 
In New England at tidewater, the cost of coal, and the discharging 
and conveying costs and the removal of ashes approximate $3.50 
per ton, varying from year to year. One ton of bituminous coal con- 
tains approximately 33,000,000 B.t.u. and we should buy 33,000,000 
B.t.u. in fuel oil for approximately $3.50; i.e., 33,000,000 B.t.u. equals 


These figures will be slightly reduced if credit is given for minor 
economies resulting from the use of oil, but they are amply accurate 
for general use. 





DISCUSSION 957 


D. S. Jacosus said that the efficiency results given in Table 2, 
secured in tests on an oil-burning boiler at Redondo, Cal., represented 
good practice. Better results, however, were secured in tests on one 
of the boilers at the same plant preparatory to making a test of the 
plant. The plant tests, already reported to the Society, indicated 
that a kilowatt-hour was turned out at the switchboard for each 
25,000 B.t.u. contained in the fuel oil. In these tests the standard 
form of Peabody furnace was employed with burners of the outside 
mixer type. 


S. F. McInrosu! believed that there is little to choose between the 
two when figuring on oil at $0.03 a gallon and coal at $5.00 a ton 
delivered in the boiler house on the B.t.u. basis. At the plant of the 
American Optical Company, Diesel engines were installed, and as 
more or less oil equipment was required for their operation, it was 
decided to try oil under the boilers. It has worked almost perfectly 
and there has been no trouble whatsoever. Its advantages in the 
way of ease of operation, cleanliness, efficient combustion, etc., appeal 
to them strongly. If, however, many manufacturers in New Eng- 
land should become interested and burn oil for the same reason, there 
would be no doubt that the price per gallon would increase to a point 
where it would be impossible to burn oil economically anywhere in 
New England. His firm contracted for oil during 1911 at 1s cent a 
gallon more than in 1910, which is equal to an increase in the price 
of coal of 16 cents per ton at the mine. A slight increase in the price 
of oil offsets the saving of labor through its use. Taking the state- 
ment of the author that one man can handle four 500-h.p. boilers 
under which oil is used, where four men would be required if coal were 
used, and assuming the saving in labor to be 80 cents an hour, an 
increase of 1's cent in the price of oil would entirely offset the saving 
in labor. 


B. R. T. Coutts referred to the fact that Mr. Bronsdon had had 
his experience with fuel oil in California, where the crude oil is quite 
different from the residue from Texas, which would alter his conclu- 
sions somewhat. The reason for more complete combustion referred 
to by Mr. McIntosh is that there is no loss in burning oil such as 
occurs in burning coal, at the period just after the coal is fired, espe- 
cially with hand firing. At that time a large quantity of hydro- 


' American Optical Co., Southbridge, Mass. 
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carbons are only partly consumed. It therefore stands to reason that 
an oil-burning equipment should be more efficient. There are more 
heat units of the oil utilized in producing steam than of the coal in 
an ordinary coal-burning installation. 

In reply to an inquiry as to why oil could not compete with coal 
in modern plants using mechanical stokers, where from 75 to 80 
per cent efficiency can be obtained, Mr. Collins replied that in large 
plants burning 100 or more tons of coal a day having docks, coal- 
handling equipment, mechanical stokers, etc., it is principally a 
matter of the comparative cost of the two fuels. The field for oil 
fuel at present is among plants that are hand fired where there is a 
chance to make a considerable saving in labor. Later, after the 
Panama Canal is opened, there will be more oil. Then, he thought, 
the time would come when oil would compete with coal in large plants 
as well as small. 


C.F. Dierz. (Written.) Mr. Collins suggests the possibility of a 
lower price for coal, should it become known that many plants were 
operate oil-fired boilers. On the other hand, after the plants had 
been. equipped and oil consumption increased in any given district, 
there would be the danger of a rise in the price of oil, thus to a great 


extent balancing the advantages of she liquid fuel. This brings 
to mind an instance of one of the large European steamship com- 
panies which seriously considered the introduction of oil-fired boilers 
and equipped a vessel with a plant for trying out the scheme. This 
was some ten years ago. When it became known that oil-fired boilers 
were contemplated, the dealers from whom the company had been in 
the habit of buying their fuel promptly offered a reduction of a shilling 
per ton of coal. Advantage was promptly taken of this, with the 
result that the extensive experimental plant proved a decidedly good 
investment. During the operation of this steamer it was found that 
the temperatures developed in the fire box were very much higher 
than those usually obtaining in the coal-fired boilers, and led to many 
serious troubles which were gradually overcome by proper protection, 
as well as proper deflection of the oil blast. These difficulties have 
been practically done away with, so that oil-fired boilers no longer 
present this disadvantage. 

The two principal methods used for atomizing the oil call either for 
steam or air and it would appear that. the steam blast might have 
advantages over the air blast in the way of flame temperature, and 
tbe consequent effect upon the surfaces where the flame impinges 
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I am not aware of the existence of any data regarding the effect of the 
dissociation of the steam on the temperature of tbe flame, nor do I 
know whether the reverse action takes place almost immediately so 
that the heat taken up by the dissociation of the water is partly 
returned to the boiler as useful energy. 

For the purpose of reviewing the chemistry and physics of the com- 
bustion more clearly, I present herewith the following calculations 
which seem to me to indicate clearly that the steam after dissocia- 
tion must necessarily be burned back to water at a point in the boiler 
where the heat thus produced from the exothermic reaction is utilized. 

Assuming 14 per cent of steam is used to atomize oil, then since, 
according to the tests, 15.4 lb. of water were evaporated per lb. of 
oil, it requires 15.4 X 0.015 = 0.231 lb. of steam to atomize 1 lb. of 
oil. The steam under the intense heat of the oil flame must be dis- 
sociated and requires 5806 B.t.u. per lb. of water, or 5806 0.231 = 
1341.186 B.t.u. per lb. of oil is abstracted for dissociation of the steam. 

1341.186 
’ 18,353 

= 7.3 per cent of the fuel required to atomize the steam is needed to 
dissociate it. If this dissociation is normal under the temperature 
conditions, it is practically certain that a partial reaction at least 
must take place, otherwise the efficiency of the boiler as an absorber 
of heat could not be 81.1 per cent as given. It would be interesting 
to know to what extent the steam blast for atomizing the fuel chills 
the combustion chamber. Of course the temperature in the com- 
bustion chamber may be reduced at a sacrifice of boiler efficiency 
by allowing an increase in the quantity of excess air, everything else 
remaining equal. From purely theoretical considerations it would 
appear that the steam blast burner might have advantages over the 
air blast burner, at least in so far as the heat of combustion is con- 
cerned, if the dissociation of the steam takes place without an immedi- 
ate reformation of water. I would suggest that in boiler tests using 
oil for fuel with both methods of atomizing, the flue gases be analyzed 
for free H. This can be done effectively with a Palladium tube. 

That the temperature of combustion of fuel oil in a furnace is 
much higher than when coal is used is found in practice and borne out 
by the following rough calculation: 

Composition of oil from Table 1-of Mr. Collins’s paper is C, 83.3 
per cent; H, 12.4 per cent; S, 0.5 per cent; and: oxygen, 3.83 per cent. 
Assuming the excess air to be 15 per cent, then for combustion there 
is required per pound of oil : 


Since the fuel has a given calorific value of 18,353 B.t.u. 
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2.080 Ib. oxygen 
0.992 lb. oxygen 
0.005 Ib. oxygen 
3.077 lb. oxygen 
0.038 Ib. 
Net oxygen required. ..................... 3.039 Ib. 
N with this oxygen 10.171 Ib. 
Total air theoretical... .. 13.210 Ib. 
15 per cent excess..................006- 1.980 Ib. 


Total air required 15.190 Ib. 


Products of combustion per pound of oil are then 


Per Cent 
by Weight 


= 2.913 18.00 
= 1.116 6.87 
= 0.010 0.06 
0.455 (excess air)= 0.455 2.82 
10.171+1.525 =11.696 72.30 





16.190 100.05 


Assuming the analysis is made at 89 deg. fahr., the moisture in the 
gas can be only 3 per cent. At the temperature of the analysis gases 
are made up as follows: 


Per Cent Per Cent 
by Weight by-Volume 


13.22 
5.19 
0.0297 
2.86 

78.69 


99 .9897 


In these calculations the air for combustion has been considered 
dry. Comparing the above calculated analysis with that given in 
Table 2, we see that both the CO, and oxygen content check very 
closely, the average of all eight tests being 13.25 per cent CO, and 3.1 
per cent oxygen, thus precluding the presence of any considerable 
quantity of free H, and the steam used for atomizing the oil cannot 
be considered a great robber of heat. It would be interesting to 
know where the reaction takes place. In this connection the differ- 
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ence between the most modern practice as given in this paper and that 
of 15 to 20 years ago may be noted. 

W. 8S. Hutton in his Steam Boiler Construction makes the state- 
ment that “from 8 to 13 per cent of the total quantity of the steam 
produced by the boiler is expended in atomizing the oil, or converting 
it into spray.” Under such conditions the high efficiencies now 
recorded could not be attained. 

Further the same author says: “The minimum quantity of air 
that should be provided in practice is 22 lb. of air per Ib. of oil, but 
it is generally necessary to provide a larger quantity than this, in 
order to prevent the production of smoke.” 

In the light of recent practice it becomes somewhat difficult to 
understand the reason for the above statement. However it is likely 
that the reasons for the heavy excess of air were due to conditions 
other than the chemistry of the combustion, and necessitated probably 
by the physical character of the fuel, the form of burner and fire 
box, size of combustion chamber, and other physical conditions 
which have since been improved upon to such an extent as to more 
nearly realize the theoretical requirements. 

The conditions under which oil is burned produces a hotter fire 
than coal and accounts for the increase in capacity for any given boiler 
when changed over to oil, as well as for the difficulties experienced 
with boilers and fire boxes before it was realized that the direct flame 
gave rise to serious troubles. An idea of the temperature of combus- 
tion of the oil under the conditions discussed above may be gained 
from the following: 

For each pound of oil burned there are liberated 18,353 heat units 
and a total of 16.2 lb. of gasare produced. Thespecific heat of this gas 
is probably not less than 0.3 on account of the high temperature and 
the presence of water vapor. The specific heat of furnace gases when 
coal is the fuel and 570 deg. fahr. the chimney temperature, has been 
found to be 0.265, but at the temperatures existing in the fire box 
the specific heats of the gases are very considerably higher. How- 
ever, with an average of 0.3 we would have a maximum increase of 
temperature over the temperature of the air and oil of 

16.2 X 0.3 X ¢ = 18,353 
t = 3776 + (say) 90 = 3866 deg. fahr. 
which while not actually realized in the combustion chamber, still 
leaves an actual existing temperature after deducting all losses, suffi- 
ciently high to make precautionary measures for the protection of 
the fire box and boiler of vital importance. 
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D. W. Ross held a point of comparison to be the cost of oil and coal. 
While oil is easier to handle, cleaner, etc., it is surprising what can be 
accomplished in burning coal, from the standpoint of economy, even 
by old-fashioned means. Mr. Robb had visited the “wood worsted” 
mill at South Lawrence, Mass., which is equipped with return 
tubular boilers and fired with soft coal. He found the temperature 
of the gas at the stack after passing through the economizers to be 
usually not over 200 deg. It leaves boilers at 375 to 380 deg. and the 
CO, present under these conditions is 13 to 14 per cent. This record 
is obtained by training the firemen under a good superintendent. 
They are not allowed to fire more than six or seven shovelfuls at a 
time, and are really not getting smoke. 

The author had very properly pointed out that the question of 
oil burning is largely a question of the installation and management 
of the fires. The subject of oil burning is well worth the attention 
of large fuel users in New England, but they will want to know who 
is to control the price of the oil and whether a regular and suffi: ient 
supply can be depended upon. It will require careful investigation 


by engineers with results proved by actual tests to determine the 
economy. 


KE. F. Mruer called attention to the high efficiency, around 80 
per cent, shown in the tests quoted by the author, whereas in the 
case of boiler tests with coal as fuel he thought he himself had never 
secured over 70 per cent efficiency. 


Rost. C. MonrTgEaAGLE referred to the steamships Harvard and 
Yale, now out on the Pacific coast, but formerly running between 
Boston and New York. They were first fitted to burn coal, but 
almost invariably required more than the 15 or 16 hours running 
time between the two cities. After running a year they were changed 
over to burn oil and had no difficulty in making their time. He also 
instanced the case of an explosion and fire on a vessel due to water in 
the oil which put out the flame, after which the oil kept flowing into 
the furnace. The fireman did not make his rounds properly, and 
when he discovered that the flame was out thrust his torch into the 
furnace. 


J. C. Rivey called attention to the fact that the flame from an oil 
burner is much like that from a blast lamp; its very high temperature 
is localized over so small an area that the metal of the boiler must be 
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protected from it, whether the atomization is by steam or air. He 
had measured some temperatures in the furnaces of Scotch boilers 
with burners fired by both air and steam atomization. The furnaces 
were of the usual corrugated cylindrical type, opening into separate 
combustion chambers at the back. Each had a complete ring of 
fire-brick lining which extended about 4 ft. back, and another ring 
in front of and around the saddle seams where they entered the com- 
bustion chambers. There was also a layer of fire brick along the 
bottom, between the two rings, and one burner in each furnace, 
placed just above the axis and terminating about a foot back of the 
tube sheet. 

On looking in at the front, the burner could be seen to spread the 
flame in a cone of about 80 deg. total angle, striking on the ring of 
brick. Apparently it was hottest right where it struck. With the 
steam burners, the flame was so dazzling that it was quite impossible 
to see beyond the surface of the cone. With the air burners clean 
and properly adjusted, the flame was yellower and not so bright; a 
little practice cnabled one to see through the cone, even into the 
combustion chamber, and it appeared that the whole furnace was 
filled with a long, transparent yellow flame. With the air burners 
partially clogged with carbon, or not properly adjusted for air supply, 
the flame was irregular and smoky; drops of oil could be seen spat- 
tering on the furnace walls. 

For measuring temperatures throughout the furnace and back into 
the combustion chamber, a distance of more than 10 ft., the ordinary 
form of porcelain-covered thermo-electric cane was out of the question, 
so a special form of water-cooled pyrometer was made. The outer 
tube was of l-in. pipe, 12 ft. long. Inside was a 3-in. pipe to 
which water was pumped through a length of garden hose. The 
electric couple consisted of two wires of platinum and platinum- 
iridium, twisted together at one end and soldered to copper wire 
leads at the other. The twisted ends were inserted into a protecting 
tube of fused quartz. The leads were encased in a }-in. copper 
tube, 12 ft. long, which passed through the 3-in. pipe. The quartz 
tube passed through a water-tight stuffing box at the end of the 1-in. 
pipe, and projected about 4 in. into the fire. The joint between 
the copper and quartz was made tight with rubber tubing. The cold 
ends of the couple were thus inside the 3-in. pipe, where they were both 
at the same temperature, and this temperature was known within a 
very few degrees. The incoming water on leaving the 3-in. pipe 
passed back through the outer pipe and escaped through another 
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hose. There was no difficulty in making the total rise in temperature 
of the water less than 25 deg. 

It was found that with an air burner just cleaned and in best 
condition, the temperature throughout the furnace, from the burner 
back into the combustion chamber, was remarkably uniform, and 
that it averaged about 2250 deg. fahr. It was hottest at the axis 
of the furnace, a foot or two in front of the burner, and not where 
the cone of flame struck the brick lining. After several hours use 
without cleaning, the air burner gradually clogged with carbon until 
the mean temperature dropped to less than 1500 deg., in which case 
the front of the furnace was comparatively cool and the highest 
temperature was in the combustion chamber. The steam burner 
never clogged with carbon, but its temperature was not so uniformly 
distributed as that for air. In the axis of the furnace it dropped 
from more than 2400, just beyond the burner, to less than 2000 in 
the combustion chamber. It was extremely hot where the cone of 
flame struck the brick along the bottom; one observation gave more 
than 2500 deg., a temperature which destroyed a quartz tube of the 
pyrometer. 

The necessity for protecting the metal of a boiler from direct 
contact with the hottest point of flame is apparent to any one who 
has seen the flame marks which are sometimes burned in by careless 
firing. Burning of the steel is most likely to occur when the oil fuel 
contains much sulphur. It is also likely to occur when for any 
reason the rate of heat conduction is slow or the circulation is not 
active. 

For burning oil it is especially desirable that the fireman should be 
a man of intelligence and good judgment. A few minutes of neglect 
or carelessness may injure the boiler seriously. When everything is 
operating well and the burners properly adjusted, a slug of water 
may come along with the fuel and put the flame out. To be sure it 
ought not be there, for the suction pipe of the fuel pump is floated 
near the surface of the oil in the supply tank, to guard particularly 
against this happening. But sometimes the thing which cannot 
happen does occur, and the flame goes out. Then when the next oil 
passes the burner, if there are other burners still lighted in the same 
furnace, or if the brick target is still hot enough to ignite the oil 
instantly upon contact, no harm is done; but if the oil does not light, 
and if the fireman does not notice the fact, there is great danger of 
an explosion, or at least a fire. 
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B. R. T. Cours, in reply to the inquiry as to what percentage of 
the steam produced by the boilers is required for the jet apparatus 
and pumps, said it varies from a little less than 14 to 2 per cent for 
atomizing in the burners and for operating small oil pumps it takes 
an equal quantity, or from 3 to 4 per cent in all. Using air to 
atomize requires about the same amount of steam to operate the 
air compressors. 

In reply, also, to an inquiry as to the relative loss in firing coal by 
hand and in using oil without automatic regulators, he believed that 
whereas with coal a poor fireman could make a difference of 10 to 
15 per cent it would not be more than half this with poor oil firing. 

Answering Mr. Monteagle with regard to water in oil, he said he 
had burned fuel oil or residuum, at Dallas, Texas, all summer and 
there was no water at all in it, all the moisture having been driven 
off by the process of | artial distillation through which it had passed. 
In California there is considerable water in the oil because crude oil 
direct from the wells is burned almost entirely. In such cases, tests 
are made of the oil after delivery and contracts so worded that 
if the water exceeds 1 per cent there will be a rebate for all over 
that amount. 

In the vessel spoken of by Mr. Monteagle, the fireman should have 
determined whether there was any gas or unburned oil in the fur- 
nace before applying the torch. This is why so much stress should 
be laid on having intelligent firemen. 
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Back Frrinc aNp Fue. WaTER IN A Larose Propucer Gas ENGINE Pxant, 


Correcting, J. G. Callan. Power, July 11, 1911. 1p. be. 


Abstract of paper presented before the Congress of Technology, Massachusetts Institute of Tech- 
nology, Boston 


Frre Pump, Perrot-Driven. The Engineer (London), June 28, 1911. 3% p., 
1 fig. bfB. 


Of interest in that it is supposedly the largest in the world. Capacity, 890 gal. per min. at 225 r.p.m 
at high pressure; 4 vertical cylinders; 80 h.p. 


GENERATORGASANLAGE, VERSUCHE AN EINER, Kurt Neumann. Zeitschrift des 


Vereines Deutscher Ingenieure, June 8, 1911. 5pp., 1 fig., 2 tables, 5 curves. 
bce. 


Tests of a producer gas plant. 


Kitprers Gas Propucer, Tue. The Iron Age, June 22,1911. 14 pp., 3 figs., 
l table. be. 


A German producer with revolving grate and revolving shaft. 
MoteurAGas. Revue de Mécanique, May 31,1911. 8pp., 27 figs., 1 table. B. 


Description and detail drawings of the following types of gasolene motors; details of cylinder—Neu- 
stadter, Ehrhardt and Schmer, Knight and Kilbourne motor (1905), Knight motor (1908), Riley motor 
(1908), White motor (1908), Lanchester motor (1909), Sears motor, Mether and Platt motor, (1908) 


Om ENGINE Practice, DEVELOPMENTS IN. The Gas Engine, June191! 24 pp. 
adfB. 


Extract of paper read before the Institute of Marine Engineers by Mr. Shacketon. 


‘Opinions expressed are’ those of the reviewer not of the Society. Articles 
are classified as a comparative; b descriptive; c experimental; d historical; 
e mathematical; f practical. A rating is occasionally given by the reviewer, 
us A, B, C, The first installment was given in The Journal for May 1910. 
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Om Gas Propucer, An. The Iron Age, July 18, 1911. 2 pp., 3 figs. bf. 
Description and details of the International-Amet Gas Power Company’s oil gas producer. 


PETROL AND O1n TRACTORS AT THE NoRWicH (ENGLAND) SHow. London En- 
gineering, June 30,1911. 6 pp., 14 figs. bf. 


Describes 30-h.p. and 100-h.p. petrol tractor and 90-h.p. oil tractor. 


Propucers, Gas, W. A. Tookey. The Gas Engine, June 1911. 9 pp., 4 figs. 
abdfA. 


Extracts of paper before the British Association of Engineers-in-Charge. 


Propvucer Gas, ForMATION or, J. K. Clement, L. H. Adams and C. N. Has- 
kins. The Gas Engine, June 1911. 1} pp. bcefB. 


Extract of Bull. No. 7, Bureau of Mines, Essential Factors in the Formation of Producer Gas. 


Propucer Gas FROM CrupE Oi, F. C. Jones. The Gas Engine, June 1911. 
1} pp., 3 tables. bfC. 


Gives data and description of producer. 


PuMPING PLANT UsING Propucer Gas, A Mounicipat. The Gas Engine,June 
1911. 2 pp. bfC. 


Extract of report by R. C. Allen, The Equipment of the New Gravel Pond Station, Manchester, 
Mass., including data. 


ScHURLOCHVERSCHLUssE FUR GASERZEUGER, L. Frick. Stahl und Lisen, 
June 15,1911. 3 pp., 6 figs. bf. 


An article on poke-hole closures in gas generators. 


StaTions CENTRALES, ConDITIONS EcoNOMIQUES D’ETABLISSEMENT PETITES, 
A.R.Garnier. L’Industrie Electrique, May 25,1911. 6 pp., 2 figs., 6 tables 
abef. 


A continued article on the establishment of small central stations. Includes information data, 
etc., on motors, gas engines, and fuels. 


VERWENDUNG DER GASE IN EISENHUTTEN UND KOKEREIEN, NEUERE BESTRE- 


BUNG IN DER, Fritz W. Liirmann. Siahl und Eisen, June 8,1911. 9 pp., 
15 tables. bf. 


An article on later efforts toward the use of blast furnace and coke oven gases. 
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AMERICAN INSTITUTE OF MINING ENGINEERS 


The 101st meeting of the American Institute of Mining Engineers will be 
held in San Francisco, commencing October 10, 1911, in the St. Francis 
Hotel. Technical sessions wil' occupy the afternoons of Tuesday, Wednes- 
day morning and afternoon, and Thursday morning, when the party will go 
by speciai train to Bakersfield, arriving early Friday morning, for a visit to 
the various oil fields. On Friday night, the party will proceed by train to 
the heart of the gold-dredging district, near Foisom, spending the day in 
visits to the gold dredges and the great rock-crushing plant of the Natomas 
Consolidated Company. On Saturday afternoon a pubic reception will be 
held in the State Capitol, and the party will proceed by train through Napa 
and Sonoma vaileys, arriving at the Bohemian Club amphitheatre on Sunday 
morning, where a barbecue tuncheon will be held, and where the entire day 
will be spent. On Sunday evening, the party will return to San Francisco. 

This meeting will be followed by an excursion to Japan, sailing from San 
Francisco on October 17, stopping at Honolulu, and reaching Yokohama 
November 3, in time to see the parade in honor of the Emperor’s birthday. 
The excursion through Japan covers the chief points of historic, scenic and 
professional interest. The return trip will start from Yokohama, November 
21, reaching San Francisco, December 7. 


AMERICAN SOCIETY FOR TESTING MATERIALS 


The fourteenth annual convention of the American Society of Testing Mate- 
rials was held at the Hotel Traymore, Atlantic City, N. J., June 27—July 1, 1911, 
with an attendance of over 400. Dr. Henry M. Howe delivered the annual 
address. One of the important features of the meeting was the presentation 
of reports from various committees, including that of the Committee on Pre- 
servation of Coatings, on Standard Tests for Road Materials, Standard Speci- 
fications for Steel, etc. Among the papers presented were, Practical Testing 
of Drying and Semi-Drying Paint Oils, by Henry A. Gardner; Novel Method 
of Detecting Mineral Oil and Resin Oil in Other Oils, by A. E. Outerbridge, Jr. ; 
Practical Tests of Sand and Gravel Proposed for Use in Concrete, R. 8. Green- 
man; Some Experiments on the Incrustation and Absorption of Concrete, A. O. 
Anderson; Apparatus for Determining Drop Point and Softening Point of Com- 
pounds, H. W. Fisher; Methods for Testing Sewer Pipe and Drain Pipe, A. 
Marston; Manufacturing of Pure Irons in Open-Hearth Furnaces, A. 8. Cush- 
man; Hardness Tests, Bradley Stoughton and J. S. McGregor; The Property 
of Hardness in Metals and Materials, A. F. Shore; and Behavior of Cast Zinc 
under Compression, J. C. Trautwine, Jr. 

969 





GENERAL NOTES 


THE INSTITUTION OF MECHANICAL ENGINEERS 


Thesummer meeting of the Institution of Mechanical Engineers was held in 
Ziirich and Northern Switzerland, commencing on July 24 and closing on the 
27th. The program as announced included a number of technical excursions, 
as well as trips of more general interest, and the following papers to be pre- 
sented at the technicalsessions: Results of Experiments with Francis Turbines 
and Tangential (Pelton) Turbines, Dr. Franz Prasil; Some New Types of Dyna- 
mometers, Dr. Alfred Amsler; Railway Electrification in Switzerland, Emil 
Huber; Hydraulic Power Works and their Construction, with Special Reference 
to the Difficulties Encountered and the Methods of Overcoming Them, I. Zodel; 
Steam Turbines, H. Zoelly; Diesel Oil Engines, Jacob Sulzer; and Rack Loco- 
motives of Switzerland, Mr. Pfander. 


AMERICAN CHEMICAL SOCIETY 


Among the papers presented before the division of Industrial Chemists and 
Chemical Engineers of the American Chemical Society at the annual meeting 
in Indianapolis, Ind., June 28-July 1, were the following: Losses in the 
Storage of Coal, H. C. Porter, F. K. Ovitz; Need of a Professional Code of 
Ethics among Chemists, F. L. Parker, Jr.; Storage Battery Efficiency, J. 8. 
Staudt; A New Modification of Gas Analysis Apparatus, B. G. Klugh; Refrac- 
tories and Laboratory Appliances Made from Alundum, P. A. Boeck; Deter- 
mination of Vanadium in Vanadium and Chrome-Vanadium Steels, J. R. 
Cain; Determination of Dust in Blast Furnace Gas, L. A. Touzalin; The Wood 


Distillation Industry of the Pacific Northwest, H. K. Benson; Ratfish Oil as 
a Paint Material, H. K. Benson, W. Eshleman; A Method of Analysis of Lead 
Ores, J. Waddell; Concentration and Purification of Iron Ore, High in Sulphur 
by Roasting in a Rotary Kiln. 


INTERNATIONAL ASSOCIATION FOR THE PREVENTION OF SMOKE 


At the annual convention of the International Association for the Preven- 
tion of Smoke held in Newark, N. J., June 28-30, the following papers were 
presented: Enforcement of the Smoke Prevention Ordinance in New York 
City, E. J. Lederle; Smoke Prevention in Large Power Stations, J. T. Whit- 
tlesey and H. 8. Vasser. R.H. Fernald, Mem. Am. Soc. M. E., gave an illus- 
trated lecture on The Relation of the Gas Producer to the Smoke Problem and 
R. B. Watrous lectured on Smoke Versus City Beauty. The problem of the 
Prevention of Smoke on Railways was discussed by C. D. Young, F. T. Howley 
and J. P. Brown. 





PERSON ALS 


N. B. Ayers has resigned the position of chief engineer of the Dayton Power 
& Light Co., Dayton, O., to organize the Ayers Engineering Co., Dayton, O., 
for handling power plant engineering. 


Charles L. Clarke has become associated with the General Electric Co.. 
New York. 


Alexander Dow received the honorary degree of Doctor of Engineering from 


the University of Michigan during the commencement exercises at Ann Arbor, 
June 29. 


H. J. Freyn has become associated with the Allis-Chalmers Co., West Allis, 
Wis. He was until recently assistant engineer of construction of the Illinois 
Steel Co., South Chicago, IIl. 


Geo. W. Fuller has associated with him as partners Jas. W. Armstrong, Jas. 
’. Harding and Jas. R. McClintock, all formerly of the staff of Hering & Fuller, 
hon York. 


Edwin S. Harrison, formerly sales engineer of the Busch-Sulzer Bros. Diesel 
Engine Co., St. Louis, Mo., has been appointed resident engineer of the new 
plant of the Bucyrus-Vulcan Co., Evansville, Ind. 


Rudolph Hering and John H. Gregory have formed a partnership as consult- 
ing engineers and sanitary experts. with offices in New York. 


Fritz A. Lindberg has been made a member of the firm of Brill & Gardner, 
Chicago, Ill. Mr. Lindberg was formerly associated with the company as assist- 
ant engineer. 


Tracy Lyon, until recently associated with the Westinghouse Electric & 
Manufacturing Co., Pittsburg, Pa., as assistant to first. vice-president, has 
become connected with the General Motors Co., Detroit, Mich. 


J. E. Powell, chief mechanical and electrical engineer in the office of the 
supervising architect, Treasury Department, Washington, D. C., has resigned 
on account of ill health. 


I. Burton Smith has been appointed superintendent of the Toledo Lamp 
Works of the General K lectric Co., Toledo, O. He was: formerly associated 
with the Harrison, N. J.; branch of this company, 

Alan G. Williams has assurtied the ‘dutié ‘Sof engine hated forembin of ihe Van- 
lalia Railroad, Terre Haute, Tid. He wis formérly sential forein ait Tf the 
Pennsylvania Railroad shop at Buffalo, N. Y. 
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WitH CoMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Lists of accessions to the 
libraries of the A. I. E. E. and A. I. M. E. can be secured on request from Calvin W. Rice, 
Secretary, Am.Soc.M.E. 


Appress or Avex. C. Humpureys, DELIVERED AT THE ANNUAL DINNER OF 
THE ALUMNI OF STEVENS INSTITUTE OF TECHNOLOGY, Feb. 4, 1908. Gift 
of C. W. Rice. 

AMERICAN INSTITUTE OF ARCHITECTS. Annuary, 1910. Gift of the Institute. 

AMERICAN Rattway AssociaTIon. Proceedings of session held in New York 
City, May 17, 1911. Gift of the association. 

Tue AMERICAN Society oF MecuanicaL Enarnerers. The Journal. Vol. 
33, Nos. 1-6. New York, 1911. 

ANALYSIS OF PAINTS AND Patntine Materiats. By H. A. Gardner and J. A. 
Schaeffer. New York, McGraw-Hill Book Co., 1911. 

A book for chemists, but one of interest to mechanical engineers, because 
so little has been published on protective paints. It gives methods for the 
analysis of dry and mixed paints, paint vehicles and varnishes, and bitu- 
minous paints. In an appendix is reprinted the specifications of the Army 
and Navy Departments. Index. 

Army List anp Directory. Officers of the Army of the United States, June 
20, 1911. Washington, 1911. Gift of Superintendent of Documents. 
BROADENING THE FIELD OF THE MARINE STEAM TURBINE: THE PROBLEM AND 
1ts Sotution. The Melville and Macalpine Reduction Gear. Pittsburg, 

1909. Gift of C. W. Rice. 

A Busy Weex. Andrew Carnegie at Dunfermline, Kirkcaldy, Dumfries, 
Portmahomack. Dunfermline, 1899. Gift of C. W. Rice. 

CatTskILu Mountains WaTER WORKS FOR THE EXTENSION OF THE WATER Sur- 
PLY or New York City, December 1910. Pittsburgh, 1911. Gift of Blaw 
Collapsible Steel Centering Co. 

COMBUSTION AND THE Cost OF Power. (Bulletin No. 100, Uehling Instrument 
Co.). Passaic. Gift of Uehling Instrument Co. 

CoMPARISON OF UNIVERSITY AND INvUSTRIAL METHODS AND DiIscIPLINE. By 
F. W. Taylor. Gift of C. W. Rice. 

DevawaRE CouLece, Newark, Dev. Catalogue, 1911. Newark, 1911. Gift 
of Delaware College. 

Dep.ey, Cuarues B., Memonra, VOLUME COMMEMORATIVE OF THE LIFE AND 
Lire-WorkE or, 1842-1909. Philadelphia. 

ENTROPY: OR THERMODYNAMICS FROM AN ENGINEER’S STANDPOINT, AND THI 
REVERSIBILITY OF THERMODYNAMICS. By James Swinburne. New York, 
E. P. Dutton Co., 1908. 


- 
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GENERAL CONTRACT AND SPECIFICATIONS FOR THE PURCHASE OF COAL, STATE 
or Wisconsin CaPiToL Power AND Heatine Piant. By J. C. White. 
Madison, 1911. Gift of the author. 

HANDBOOK FOR IRON Founpers. London. Gift of Frodair Iron & Steel Co. Ltd. 

Hien Speep Steer. By O. M. Becker. New York, McGraw-Hill Book Cv., 
1910. 

INTERNAL COMBUSTION ENGINES AT THE Brussets Exposition. By P. R. 
Allen. Reprinted from Cassier’s Magazine, February-March 1911. Gift 
of author. 

Jouns Hopxrins University. Register 1910-1911. Baltimore, 1911. Gift 
of the University. 

LeLAND STaANFoRD JuNIoR University. Register, 1910-1911. California, 
1911. 

—Department of Medicine. Annual Announcement, 1911-1912. California, 

1911. Gift of the University. 

Lou1staNaA State University. Catalogue, 1911. Baton Rouge, 1911. Gift 
of the University. 

MARINE ENGINE Desien. By E. M. Bragg. New York, D. Van Nostrand Co. 
1911. 

A reprint of articles first published in International Marine Engineering, 
developed from several years of experience in teaching the subject to students of 
the University of Michigan. It is totally free from the descriptive part of the 
subject, confining itself to the laying out and designing of the engine. In this 
particular it differs from other works on the subject. No index, but a 
table of contents. 

METROPOLITAN WATER AND SEWERAGE Boarp. Tenth Annual Report, 1911. 
Boston, 1911. Gift of Metropolitan Water and Sewerage Board. 

More Busy Days. Andrew Carnegie at Dingwall, Tain, Kilmarnock, Govan, 
Waterford, Limerick, Cork, Barrow in 1903. Philadelphia, 1908. Gift of 
C. W. Rice. 

Paciric Gas AND Etectric Company. Properties owned and operated terri- 
tory served. California, 1911. Gift of Pacific Gas and Electric Co. 

PENNSYLVANIA STATE RAILROAD COMMISSION IN THE MATTER OF THE Com- 
PLAINTS AGAINST THE PHILADELPHIA Rapip TRANSIT Company. Report. 
Vols. 1-2,1911. New York, 1911. Gift of Messrs. Ford, Bacon and Davis. 

POLYTECHNIC INSTITUTE OF BROOKLYN. Catalogue of the College of Engi- 
neering, 1911-1912. Brooklyn. Gift of the Institute. 

PRINCIPLES OF INDUSTRIAL ENGINEERING. By C. B. Going. New York, 
McGraw-Hill Book Co., 1911. 

This work is based on a series of lectures delivered to the senior students 
in the department of engineering at Columbia. The study is directed almost 
wholly to the discovery and definition of ideals and principles, or in some cases 
of institutions; very little attempt is made at the description of methods and 
devices. It thus supplenents the works of Gantt, Emerson, Taylor and others. 
An entertaining book even for a layman. 

Pumping Macutnery. By A. M. Greene. New York, J. Wiley & Sons, 1911. 

This book is based on a series of lectures given as a required course to the 
mechanical engineering students of the University of Missouri. The bibli- 
ography of thirteen pages is especially valuable, in that it includes references 
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to the original accounts of tests of pumps. Many of these tests are given in 

the main text. The work seems very comprehensive, both on the theoretical 

and descriptive side. It is profusely illustrated, and adequately indexed. 

RELATIVE TO THE ELECTRIFICATION OF RAILROADS, STATEMENT OF GEO. F. 
SWAIN, BEFORE THE METROPOLITAN AFFAIRS AND RAILROAD COMMITTEES 
OF THE MassaAcuusETTs LeGisLaTuRE. April 6, 1911. Gift of author. 

Texas AGRICULTURAL AND MecHANICAL CoLiEeGe. Thirty-fifth Annual Cat- 
alogue, 1910-1911. Austin, 1911. 

— Announcement of the Third Session of the summer school, 1911. Austin, 
1911. Gift of the Texas Agricultural and Mechanical College. 

THREE Busy Weeks. Andrew Carnegie at Perth, Edinburgh, Greenock, 
Falkirk, Stirling, Hawarden, Liverpool, St. Andrews, Dundee. Dunferm- 
line, 1902. Gift of C. W. Rice. 

UnIversity oF Toronto. Calendar, 1911-1912. Toronto. Gift of the Uni- 
versity. 

University oF Utan. Catalogue, 1911-1912. Salt Lake City, 1911. Gift of 
the University. 

VERZEICHNIS DER DEUTSCHEN PATENTKLASSEN UND IHRE EINTEILUNG IN 
UNTERKLASSEN UND GRUPPEN. ed. 2. Berlin, 1910. 

VICTORIAN INSTITUTE OF ENGINEERS. Proceedings, Vol.11. Melbourne, 1911. 
Gift of the Institute. 

WentwortuH Institute. Catalogue. 1911-1912. Boston, 1911. Gift of the 
Institute. 

WeEsTINGHOUSE MARINE STEAM TURBINE WITH MELVILLE AND MACALPINE 
RepuctTion Gear. Gift of C. W. Rice. 

WHITTAKER’s ELECTRICAL ENGINEER’S Pocket Boox. ed.3. Edited by Ken- 
elm Edgecumbe. London, 1911. Gift of Macmillan Co. 

This is the third edition of this well known English pocket book, largely 
rewritten to bring it up to date. It has an extremely useful index, differing 
in this particular from many English technical works. 


EXCHANGES 


AMERICAN Society or Civit ENGINEERS. Transactions. Vol. 72, 1911. New 
York, 1911. 

SMITHSONIAN PuysicaL TaBLes. ed. 5, revised. (Miscellaneous collections, 
Vol. 58, No. 1.) Washington, 1910. 

Society or AUTOMOBILE ENGINEERS. Handbook (data sheets), 1911. .\Vew 
York, 1911. 


TRADE CATALOGUES 


AMERICAN Sprrat Pire Works, Chicago, Ill. Spiral riveted pipe, leg welded 
steel pipe, forged steel pipe flanges, hydraulic and exhaust steam supplies. 
20 pp. 

J. T. Baker Cuemicat Co., Philippsburg, N. J. The Chemist-Analyst, No. 
2. 24 pp. 

Tue Bristou Co., Waterbury, Conn. Bull. No. 131, Recording voltmeter for 
direct and alternating current, 43 pp.; Bull. No. 147A, -Bristol-Durand 
radii averaging instrument for circular chart records, 7 pp. 





ACCESSIONS TO LIBRARY 975 


CONSOLIDATED ExpanpEeD Mertat Co., Pitisburg, Pa. Handbook of design, 
containing tables, standards and useful information on reinforced concrete. 
102 pp. 

GREEN FurEt Economizer Co., Matteawan, N. Y. Planing mill exhausters. 
20 pp. 

\iax Henninc, Berlin, Germany. Addresses of commercial firms. 32 pp. 

liuss-Brigut Mrca. Co., Philadelphia, Pa. Ball bearings in flour and feed 
mill machinery, 19 pp.; Ball bearings in wood-working m&chinery, 29 pp 

rep. 8S. Hinps, Boston, Mass. Industrial plants. 76 pp. 

\. L. Ine & Sons, Springfield, Ill. Bull. 17, Simple side crank “‘ Ideal’’ engine 
direct-connected to generator. 10 pp. 

[pnaL Evectric & Mra. Co., Mansfield,O. Reducing expenses and increasing 
output of textile mills. 7 pp. 

Ii. W. Jouns-MANvVILLE Co., Cleveland, O. J. M. Packing Expert, June 1911. 
8 pp. J. M. Roofing Salesman, June 1911. 8 pp. 

Link-BeLt Co., Chicago, Ill. Price list of flint-rim sprocket and traction 
wheels. 20 pp. 

Nites-BEMENT-Ponp Co., Cleveland, O. Aurora drills. 32 pp. 

Rost. W. Paut, London, England. Electrical measuring instruments. 32 pp. 

PULSOMETER STEAM Pump Co., New York. The pulsometer. 27 pp. 

RocKWELL Furnace Co., New York. Moyer tramrail in foundry practice. 
S pp. 

{USSELL, BrrpsaLut & Warp, Port Chester, N. Y. Bolts and nuts. 160 pp. 

STeEPHENS-ADAMSON Co., Aurora, Ill. The Labor Saver, June 1911. 25 pp. 

Tate, Jones & Co., Pittsburg, Pa. Furnaces for annealing, hardening and 
tempering. 28 pp. 

Vutcan Soot CLEANER Co. or PitrsspurG, Pa. Du Bois, Pa. Soot cleaners. 
J2 pp. 

WitsoN-MaEuLEN Co., New York. Electric pyrometers. 12 pp. Melting 
points of the elements, 1 p., Conversion table for centigrade to fahrenheit 
and vice versa, 1 p. 


UNITED ENGINEERING SOCIETY 


Davis HANDBOOK OF THE PorcuPINE GoLp District. By H. P. Davis. New 
York, 1911. Gift of author. 

New Metuop CALCULATING THE CuBIC CONTENTS OF EXCAVATIONS AND 
EMBANKMENTS, BY THE AID OF DiaGrams. ed. 4. By J. C. Trautwine. 
Philadelphia, 1871. 

PATENTE-JAHRES, KaTALOG 22, JAHRGANG 1910. Brugg, 1911. 





EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


0109 Engineer of wide experience wishes to become associated with man 
of means with view to manufacturing on small scale and taking small contracts. 
Two small articles, one patented, other in course of preparation for patent office. 


0110 Instructorship in meghanical engineering at State University of Iowa 
paying $1400 to person of proper experience and attainment. For particulars 
address William G. Raymond, Iowa City, Iowa. 


0111 Man to assist in the building and development of automatic weighing 
machines, can machines, etc. Small machine shop employing 15 men at the 
present time. Requires a man capable of making drawings, following through 
the pattern and machine shops, and codperating with the machine shop fore- 
man in executing work. Location Illinois. 


MEN AVAILABLE 


250 Superintendent of machine shops, foundries, etc. Extensive experi- 
ence in the building of heavy engines, air compressors, pumps, conveying and 
power transmission machinery. 


251 Junior member, technical graduate, several years’ experience as drafts- 
man, also experience in construction and in office work, power plant and indus- 
trial plant installations. 


252 Mechanical and electrical engineer, technical graduate, practical shop 
experience, eight years in general engineering and manufacturing; designing, 
construction and executive experience; desires position as executive engineer 
with manufacturing concern or chief engineer with engineering or contracting 
firm. 


253 Graduate mechanical engineer, six years’ experience, designing and 
drafting, but mainly in research and experimental work along lines connected 
with steam engineering. At present_employed, desires change with view to 
bettering condition. Best of references. 
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254 Member, technical education, civil and mechanical engineer, desires 
position by September 1. Last fifteen years chief mechanical engineer in 
responsible charge. Ability as business builder, designed and built special 
tools, air compressors, high duty pumping engines, electric cranes, compressed 
air cranes and other machinery, Corliss, high-speed and automatic engines, 
experience in selling, familiar with contracts, shop management and economi- 
cal and systematic design of machines. Excellent references as to character 
and ability. 


255 Technical graduate, four years’ experience in all phases of plant engi- 
neering, cost reduction, accounting, tool systems, power plant operations 
construction and maintenance, with extensive study of scientific management 
and accounting. Thoroughly accustomed to handling men and working on 
own responsibility. Now employed. 


256 Graduate Mass. Institute Technology, age 27, two years’ experience 
n building construction and mechanical equipment, desires connection with 
architect or contracting engineer where there is opportun!ty for advance- 
ment. Salary expected, $25 a week. 


257 Mechanical engineer wiil undertake development or extension of 
product of manufacturing company; experienced in engineering and physical 
research, formerly in charge of design and construction of internal combus- 
tion engines, small and large, gas producers, and power stations. 


258 Member prepared to go into partnership or associate with manufac- 
turing concern; desires interest in the business instead of salary. Equipped 
with all-round resz:arch and manufacturing experience in electrical and 
mechanical work. 


259 Superintendent desires position in New York or vicinity; age 37; 
experienced machinist and shop foreman, including tool, die, fig, pattern- 
making, switchboard apparatus and miscellaneous electrical supplies. Com- 
petent to organize and take charge of production department. 


260 Teacher of mechanical drawing and machine design, age 33, technical 
graduate with four years’ drafting room and four years’ teaching experience, 
seeks appointment. 


261 Mechanical engineer, 12 years’ experience; shop, sales and executive. 
Specialties conveying and elevating machinery, constructive work. Desires 
position as manager or chief engineer. 





CHANGES IN MEMBERSHIP 
CHANGES IN ADDRESS 


ALDRICH, William Sleeper (1892), Life Member; Powell, Wyo. 

ALLISON, John Franklin (Junior, 1910), 459 Martin St., Roxborough, Phil- 
adelphia, Pa. 

AYERS, Norwood B. (1908), The Ayers Engrg. Co., Conover Bldg., and 422 
Summers St., Dayton, O. 

BIBBINS, James Rowland (1904; 1909), Engr. with Bion J. Arnold, Rm. 1000, 
105 S. La Salle St., Chicago, Ill. 

BAILEY, Hazil Harding (Junior, 1910), Packard Motor Car Co., and for mail, 
1453 Grand Blvd., E., Detroit, Mich. 

BAUER, Chas. L. (1900; 1901) Pres., The Bauer Bros. Co., and 1215 E, High St., 
Springfield, O. 

BAYLIS, Arthur Raymond (1905; 1906), N. E. Engrg. Co., 50 Church St., New 
York, and for mail, 1815 Ave. K, Flatbush, Brooklyn, N. Y. 

CHAMBERS, Norman C. (Junior, 1905), Export Dept., Niles-Bement-Pond 
Co., 111 Broadway, New York, N. Y., and for mail, care of A. Cazzani, 
Boite Postale, 802, Rio de Janeiro, Brazil, S. A. 

CHAPMAN, Frank T. (1909), Rep., Vento Dept.. Am. Radiator Co., Rm. 501, 
104 W. 42d St., New York, N. Y., and Montclair, N. J. 

CHESTER, C. P. (Associate, 1908), Stone and Webster Engrg. Corp., Burleson, 
Tex. 

CLARKE, Charles L. (1882), Genl. Elec. Co., Rm. 1923, 30 Church St., New 
York, N. Y. 

CUMMINGS, Wm. Warren (1905), Cons. and Contr. Engr., Hanover, N. H. 

CUNNINGHAM, Geo. H. (Junior, 1911), Consolidation Coal Co., Jenkins, Ky. 

DANFORTH, Albert W. (1882), 881 Bridge St., Lowell, Mass. 

DARRIN, David H. (1892; 1900), Cons. Engr., 131 Liberty St., and Engrs. 
Club, 32 W. 40th St., New York, N. Y. 

DIETZ, Carl F. (1903; 1910), Cons. Engr., Dietz & Keedy, 6 Beacon ~t., Bos- 
ton, and for mail, 214 Lynn Fells Parkway, Melrose, Mass. 

DOUD, Arthur T. (Junior, 1907), Genl. Supt., Speakman Supply & Pipe 
Co., and 1320 Clayton St., Wilmington, Del. 

EDWARDS, William J. (1910), V. P. and Treas., Binghamton Clothing Co., 
and for mail, 31 Stuyvesant St., Binghamton, N. Y. 

FREYN, Heinrich Josef Karl (1906), Allis-Chalmers Co., West Allis, and 254 
Mason St., Milwaukee, Wis. 

FULLER, George W. (1910), Cons. Engr., 170 Broadway, New York, N. Y. 

GOENTNER, William B. (Junior, 1905), Asst. Engr., Dept. of Water Supply, 
Gas and Elec., 13-21 Park Row, and for mail, 2020 Park Row Blidg., New 
York, N. Y. 
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JACKSON, Dugald C. (1890), Mass. Inst. of Tech., Boston, Mass., and D. C. 
& Wm. B. Jackson, 111 W. Monroe St., Chicago, III. 

JACKSON, Wm. B. (1901), Life Member; D. C. & Wm. B. Jackson, Harris 
Trust Bldg., 111 Monroe St., and 5526 Everett Ave., Chicago, Ill. 

| EWIS, Joseph E. (Junior, 1899), Treas., Bush Mfg. Co., Hartford, Conn., 
and for mail, Centerville, Cape Cod, Mass. 

|. INCH, Edward P. (1902), P.O. Box 612, Waterbury, Conn. 

LINDBERG, Fritz A. (1908; 1911), Member of Firm, Brill & Gardner, 1135 
Marquette Bldg., and for mail, 514 E. 62d St., Chicago, III. 

|.OWE, Henry Leland (Junior, 1903), 280 Downey Ave., Indianapolis, Ind. 

LYON, Tracy (1893), Genl. Motors Co., Detroit, Mich. 

HAMILTON, Chester B., Jr., (Junior, 1909), Mgr., The Hamilton Gear and 
Machine Co., and for mail, 43 Madison Ave., Toronto, Canada 

HARRISON, Edwin 8S. (Junior, 1905), Res. Engr., Bucyrus-Vulcan Co., and 
for mail, P. O. Box 201, Evansville, Ind. 

HAYES, Frank H. (1906), N. E. Mgr., Platt Iron Wks. Co., 101 High St., 
Boston. and for mail, 13 Willow Ave., West Somerville, Mass. 

HIRING, Rudolph (1906), Life Member; Cons. Engr., Hering & Gregory, 170 
Broadway, New York, N. Y., and 40 Lloyd Rd., Montclair, N. J. 

HUTCHINSON, Charles Tripler (1910), Mgr., Min. Mchy. Dept., Joshua 
Hendy Iron Wks., 75 Fremont St., San Francisco, Cal. 

McCLINTOCK, Edward H. (1901; 1905), Constr. Engr. and Mill Arch., 33 
Lyman 8St., Springfield, and 71 Pearson Ave., West Somerville, Mass. 
\McDEWELL, Horatio 8. (Junior, 1908), 94 Addington Rd., Brookline, Mass. 

MacGREGOR, Walter (1906), 3118 W. 19th St., Chicago, III. 

MARKS, Harry J. (1907), Mech. Engr., 90 West St., New York, and for mail, 
86 Palmer Ave., Mamaroneck, N. Y. 

MAROT, Edward H. (Junior, 1903), 38 Pastorius St., Germantown, Philadel- 
phia, Pa. 

NEWTON, Lewis W. (1903), Engr., 412 Main St., Amesbury, Mass. 

NILES. Francis H. (Associate, 1907), Dongannas Farms, Rock Castle P. O., 
Va. 

ORCUTT, Guy H. (Junior, 1909), Testing Engr., Allis-Chalmers Co., and for 
mail, 910 E. 62d St., Chicago, Il. 

PEARSON, Walter Ambrose (1907), Asst. Genl. Mgr., Rio de Janeiro Tram- 
way, Light & Power Co., Ltd., Caixa 571, Rio de Janeiro, Brazil, S. A., 
and for mail, 25 Broad St., New York, N. Y. 

PINGER, George C. (Junior, 1907), Beaver, Pa. 

RAPLEY, Frederick Harvey (1905), M. Clark & Co., 1 Victoria St., Westmin- 
ster, S. W., London, England. 

RICHARDSON, Levi 8S. (1909), Ch. Draftsman, Lehner Engrg. Co., 149 
Broadway, New York, and for mail, 134 Pelton Ave., West New Brighton, 
or i A 

RICKETTS. Edwin Burnley (Junior, 1908), U. S. Glass Co., Glassport, 
Pa. 

ROGERS, Robert W. (Junior, 1908), 5 Dey St., New York, N. Y. 

SANGUINETTI, Philip C. (Associate, 1909), Production. Engrg. Dept., 
Marwick, Mitchell & Co., 79 Wall St., New York, and 265 S. Ist Ave., 

Mt. Vernon, N. Y. 
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SCHAEFFLER, Joseph C. (1900; 1904; 1907), Mech. and Civ. Engr., Josep! 
C. Schaeffler & Co., Archs. and Engrs., 38-40 W. 32d St., New York, N. Y 

SCOTT, Arthur Curtis (1908), Pres., The Scott Engrg. Co., 632 Wilson Bldg 
Dallas, Tex. 

SMITH, Ellis Burton (Junior, 1905), Supt. Toledo Lamp Wks., Genl. Elec 
Co., Tolelo, O. 

SMITH, W. W. (1909), Mech. Engr., 460 E. Adams St., Los Angeles, Cal. 

SPENCER, William J. (Junior, 1906), 5116 N. 11th St., Philadelphia, Pa. 

STOCKWELL, Rupert Kennedy (Junior, 1910), Mech. Engr., The Tenn. 
Copper Co., Copperhill, Tenn. 

TAYLOR, Wyatt W. (Associate, 1908), Cons. Engr., 2 Rector St., New York, 
and for mail, Spuyten Duyvil, N. Y. 

TORRANCE, Henry, Jr. (1897; 1902), V. P. and Treas., Carbondale Mch. Co., 
50 Church St., New York, N. Y., and Tenafly, N. J. 

WENTWORTH, Reginald Andrew (Junior, 1911), Engineer with H. L. Gantt, 
and for mail, 2045 N. 63d St., Philadelphia, Pa. 

WERST, Charles Wm. (1909), Supt., Lima Loco. & Mch. Co., and for mail, 
1534 Lakewood Ave., Lima, O. 

WHITESIDE, Walter Hunter (1910), Stevens-Duryea Co., Chicopee Falls, 
Mass. 

WILEY, James M. (Junior, 1909), Swink, Colo. 

WILLIAMS, Alan Gillespie (Junior, 1909), Eng. House Foreman, Vandalia 
R. R., and for mail, 672 Eagle St., Terre Haute, Ind. 


NEW MEMBERS 


ALBERT, Calvin D. (1911), Asst. Prof. Mch. Design, Sibley College, Cornell 
Univ., and 319 Eddy St., Ithaca, N. Y. 

ANDREI, Camillo (Junior, 1911), Societa Nazionale dei Radiatori, Borgo S. 
Giovanni, Brescia, Italy. 

BRIGGS, Leroy Edmund (Junior, 1911), 235 Vine St., Bridgeport, Conn. 

CLAYTON, J. Paul (Junior, 1911), 2149 Sinton Ave., Walnut Hills, Cincinnati, 
O. 

CROSS, Charles N. (1911), Instr., Mech. Engrg., Leland Stanford Jr. Univ., 
and 340 Embaracadero Rd., Palo Alto, Cal. 

DALLAS, Park Andrew (1911), Mill Arch. and Engr., 1023 Candler Bldg., 
Atlanta, Ga. 

DENNIS, Basil Wrenn (Junior, 1911), Asst. Ch. Engr., Muskogee Gas & Elec. 
Co., Muskogee, Okla., and for mail, 1165 E. Long St., Columbus, O. 

DONNELLY, James A. (1911), Pres. and Genl. Mgr., Positive Differential 
System, and 132 Nassau St., New York, N. Y. 

DOUGLAS, Walter Cooley (Junior, 1911), Asst. Engr. Mechanigraph Dept., 
Topping Bros., 122 Chambers St., New York, N. Y. 

FLICKINGER, Harrison William (Junior, 1911), Thompson-Starrett Co., 
Second Natl. Bank Bldg., Pittsburg, Pa. 

FORSBURG, Henry A. (1911), Genl. Supt. Trunk Lines, Stand. Oil Co. of 
Cal., and for mai', 1616 Josephine St., Berkeley, Cal. 

HAWTHORNE, Primm R. (1911), Supt. of Design, Nichols & Shepard Co., 
Battle Creek, Mich. 
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HALL, Walter’Atwood (1911), Asst. Mgr., Lynn Wks., Genl. Elec. Co., West 
Lynn, and for mail, 15 Hardy Rd., Swampscott, Mass. 

HATMAN, Julius G. (Junior, 1911), Asst. Supt., The Wyandotte County Gas 
Co., and for mail, 746 Ann Ave., Kansas City, Kan. 

HOWARD, Henry Sherwin (Junior, 1911), Cons. Engr., West. Fuel Co., and 
allied Cos., and for mail, 430 California St., San Francisco, Cal. 

HUMPHREY, Charles Scranton (Junior, 1911), Asst. Electrician, C. W. 
Hunt Co., and for mail, 320 Bement Ave., West New Brighton, 8. I., N. Y. 

JAMIESQN, Charles Clark (1911), Genl. Supt., Walter A. Wood Mowing & 
Reaping Mch. Co., Hoosick Falls, N. Y. 

KLOCKARS, Charles Oscar (Associate, 1911), Factory Supt., Essex Fdy., 
and for mail, 51 Parkhurst St., Newark, N. J. 

LAW, Frank E. (1911), V. P., The Fidelity & Casualty Co., New York, N. Y., 
and for mail, 322 Claremont Ave., Montclair, N. J. 

LONGACRE, Fredk. v. D. (1911), Ingersoll-Rand Co., 11 Broadway, New 
York, N. Y. 

MUNSON, Stanley (Junior, 1911), M.M., Oliver Chilled Plow Wks., and for 
mail, 1119 Michigan Ave., South Bend, Ind. 

RENTSCHLER, Gordon Sohn (Junior, 1911), V. P. and Fdy. Mgr., The Ham- 
ilton Fdy. & Mch. Co., Hamilton, O. 

RIEGE, Rudolph (1911), 58 Washington Ave., Stamford, Conn., and for mail, 
care of Henry Wilcox & Son, 828 Equitable Bldg., Denver, Colo. 

SCHIEFER, Fred William (Junior, 1911), Mech. Engr., Lackawanna Bridge 
Co., and for mail, 60 W. Parade Ave., Buffalo, N. Y. 

STANLEY, Frank A. (1911), West. Editor, American Machinist, and for mail, 
3556 Monteith Ave., Hyde Park, Cincinnati, O. 

VENESS, Alfred E. (1911), Factory Supt., Union Typewriter Co.. Bridgeport, 
Conn. 

WATTLES, Joseph Warren, 3d (Junior, 1910), Commer. Engr. Sales Dept., 
Edison Elec. Ill. Co., 39 Boylston St., Boston, Mass. 

WHITNEY, William 8. (1911), Supervising Engr., Am. Woolen Co., Boston, 
and 177 E. Haverhill St., Lawrence, Mass. 


PROMOTION 


de CAZENOVE, Louis A., Jr. (1905; 1911), Mech. Engr. and Asst. to Asst. Ch. 
Engr., Black Powder Dept., E. I. du Pont de Nemours Powder Co., and for 
mail, The Wilmington, Delaware Ave., Wilmington, Del. 


DEATHS 


HAGUE, Charles A., June 27, 1911. 
HAYWOOD, D. Howard, July 5, 1911. 
HUMPHREY, Charles 8., June 29, 1911. 
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THE PURCHASE OF COAL 


By Dwiecat T. RanpAuL, PuBLIsHED IN THE JOURNAL FoR Marcu 


ABSTRACT OF PAPER 


\lost boiler rooms are now conducted in a manner which permits of consider- 
able saving along two lines: (a) the selection of a coal which is suited to the 
plant and at the same time is capable of delivering the greatest amount of heat 
to the boiler for a unit of cost; (6) burning the coal by approved methods to 
obtain the highest practical efficiency. 

The coals which are offered in almost any market vary in price and in quality 
to an extent which justifies a careful study of their character and heating value 
in order to determine which coal will prove most economical when the equip- 
ment, the load conditions and the price are considered. A coal which is en- 
tirely satisfactory in one plant may be unsuited to another. 

It is possible to burn almost any fuel with reasonably good efficiency pro- 
vided the furnace is properly designed for the particular fuel to be burned. 

Coals which are suitable for any given equipment depend for their value prin- 
cipally upon the B.t.u. and the size of the coal. A thorough study of coals and 
the variations in their quality has naturally led to the purchase of coal under 
specifications with a guaranteed analysis, which provide for a definite procedure 
in case of a variation in the quality of coal delivered. 


DISCUSSION 


C. W. Ricz, speaking as a member of the Committee of the Society 
on the Conservation of Natural Resources, said he desired to em- 
phasize, without in any way conflicting with the idea of this paper, 
the importance of designing plants to use low-grade fuels. The tend- 
ency of the paper is to direct purchasers to be particular with the 
coal dealer, with the result that in the effort to meet specifications 
only 14,500 B.t.u. coal is furnished, and there is no market for the 
low-grade material. Hand in hand with the idea of purchasing coal 
on the heat unit basis should go the designing of the plants to fit 
market conditions, taking advantage of the fact that the coals of 
slightly less B.t.u. than the best are materially less expensive. 
Engineers dealing with the forces of nature have a duty to direct their 
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work along the lines of conservation, an idea inclusive of the efficiency 
of those forces. 


CHARLES WHITING BAKER emphasized the points brought out by 
Mr. Rice and called attention to the fact that in the East a number 
of plants are successfully burning a very low grade of fuel, which it 
would be impossible to burn by ordinary methods, through the use 
of the steam jet blower. While the use of the steam jet may be crit- 
icised from a thermodynamic point of view, its advantage lies in the 
fact that it keeps the fuel bed cool enough to prevent trouble with 
clinkering. 


R. C. Carpenter held that the ideas just expressed did not con- 
stitute an argument against the necessity for testing coal or for pur- 
chasing coal by analysis. He had lived for a number of years in the 
district bordering the anthracite coal region, where it was necessary 
to burn the small grades of anthracite that were in little demand for 
general purposes, and he was very familiar with the methods employed 
in burning this low-grade fuel. The material contains large quan- 
tities of slate for which thousands of dollars are spent annually, and 


the loss in this respect can be stopped only by the purchase of coal 
on analysis. He believed the paper to be just as valuable from the 
standpoint of the utilization of poor fuel as from that of the pur- 
chase of the more valuable kinds. 


W. F. M. Goss agreed with this point of view, and believed that 
the coal producer must take more responsibility for the suitable 
preparation of his coal before delivering it to the consumer. The 
poor coal should, of course, be mined and used, thereby carrying out 
the policy of conservation, but before the delivery of this material, 
the operator should be encouraged by the development of markets 
which will take a superior fuel, to improve its quality by washing, 
sorting, and even by briquetting. 


E. D. Meter stated that he was a firm believer in the analysis of 
coal, and the practice of basing the purchase price on the analysis, 
provided, however, that this policy be applied only to a particular 
district. Analyses cannot justly be applied to comparison of coals 
from different districts because other things besides the chemical 
composition of the coal must be considered. For instance, a certain 
coal in Illinois contained as an impurity a bituminous shale which 
carried 75 per cent ash, and although this coal may have compared 
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favorably with other coals on a B.t.u. basis, this was not a true com- 
parison, because the shale fused and choked the fire, making it neces- 
sary to clean the grates very frequently. Again coal from a certain 
Indiana mine high in B.t.u. gave poorer results in boiler furnaces 
than coal from other districts lower in B.t.u. because it was extremely 
friable, causing much loss by dropping through the grates. 


E. W. RutHerrorp wrote that in Par. 6 and Par. 49 the author 
calls attention to the fact that considerable variation exists in the 
quality of coals sold under the same general trade name, but does 
not tell us how much difference may exist. Two contracts for coal 
purchased on specifications had recently come to his attention 
which he thought might be of interest in this connection. Two dif- 
ferent dealers guaranteed the same B.t.u. and furnished coal of the 
sume trade name. While these contracts have not terminated, prac- 
tically all of the coal due has been delivered. The analyses show 
that one dealer will receive a bonus of from $0.01 to $0.02 per ton 
and that the other dealer will be penalized about $0.10 per ton, the 
two contracts showing a difference in value of $0.11 or $0.12 per ton, 
or about 3 per cent. Since approximately 20 samples were taken 
in each case by experienced men, there should be no appreciable 
difference due to sampling. 

Undoubtedly, in some cases more than 3 per cent difference exists 
in the full value of coals sold under the same trade name when pur- 
chased on the heat unit basis. This leads to the question how much 
more, if any, it is necessary to pay for coal purchased on the heat 
unit basis than for coal purchased in the ordinary way. If the plant 
is favorably located the cost per ton should not be increased, because 
the specifications should protect the dealer as well as the purchaser, 
as pointed out by Mr. Randall in Par. 41. The ‘‘as received”’ basis 
is occasionally objected to by the dealer and does not seem fair in all 
cases, as, for example, in all-rail shipments, but is undoubtedly pre- 
ferable to the dry basis when the coal can readily be sampled at the 
loading and weighing point. 

If the author can give us any further information on these points, 
it will be appreciated. 


Perry BARKER, representing Mr. Randall, said in reply to Mr. 
Rice’s criticism of the paper, that its opening paragraphs drew atten- 
tion to the necessity for choosing the character of the fuel desired. 
If the plant can be so designed and the fuel is so available that a low 
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grade can be used, it will be profitable to change the equipment to 
suit those low-grade fuels. However, the variation in this coal is 
such that it is not profitable for the average plant to attempt to burn 
it without special attention. He cited as an example the small 
size of anthracite which comes to the New England market, ranging 
all the way from 14 to 24 per cent of ash. It would be conserving 
some of our natural resources if that 24 per cent of ash could be 
burned at all efficiently. If the ash be kept down to 18 per cent, 
probably the coal is a good proposition in a plant, either burned alone 
or mixed with a certain portion of good grade of bituminous coal, 
but if it comes to the market with from 14 to 25 per cent of ash 
there should surely be some correction for this variation in quality. 

In reply to Mr. Baker’s suggestion that the steam jet be used in 
burning low-grade fuel, Mr. Barker said that if it is in the hands of 
an experienced operator, it is a very efficient piece of apparatus, by 
the use of which a small size of anthracite may be burned. He had 
found a number of cases where the steam jet was a very dangerous 
thing in a power plant on account of the improper regulation. 

Professor Carpenter had touched on the question of the variation 
of ash in small sizes of hard coal which are marketed. It is rea- 
sonable to suppose that some penalty should be inflicted if a large 
percentage of ash is going to be delivered in coal. 

Professor Goss had spoken in regard to the improvement of the 
product along the lines of preparation. The seller who will take 
care to pick or wash his coal properly will receive compensation 
accordingly. A mine in Pennsylvania ran about 14 to 23 per cent 
higher in ash than an adjacent mine, due to a change in the nature 
of the seam. The quality of the miners’ work compared favorably 
with their neighbors’, and in order to reduce their ash, a picking 
table was put in and improved methods of mining were introduced, 
so that they reduced their ash 2 to 3 per cent, which put them on 
the same basis as their neighbors and on whatever coal they were 
selling on specifications they were obtaining compensation accord- 
ingly. 

President Meier’s remarks in regard to the analyses of fuels are 
along the line of notations in the paper in regard to the character of 
the coal, which may show the same heat value and the same per- 
centage of ash and of volatile matter, but the nature of this last should 
be considered as well as the amount. The same ash is distributed in 
the relative proportions of bases and acids contained in that ash, 
which will tend to produce fusion or clinker. 





PRESSURE-RECORDING INDICATOR FOR 
PUNCHING MACHINERY 


By GarDNER C. ANTHONY, PUBLISHED IN THE JOURNAL FOR JANUARY 


ABSTRACT OF PAPER 


The use of an indicator for the direct recording of stresses due to punching 
boiler plates, under the working conditions of a boiler shop punch, is believed 
to be new. This paper is largely descriptive of a device for obtaining cards 
from an ordinary indicator applied to a pressure cylinder, which enables the 
operator to obtain results as easily and rapidly as is done in indicating an 
engine. The cards illustrated were taken under the above conditions and also 
with the apparatus applied to an Olsen testing machine. The latter was for 
the purpose of checking certain results and introducing a variety of conditions 
which it is proposed to investigate. 

Although the number of tests so far made is insufficient for conclusive evi- 
dence, a demonstration has been made of the efficiency of the device as a piece 
of laboratory apparatus which will serve admirably for determining data relat- 
ing to the following: the maximum pressures for which punching machines 
should be designed, the point of maximum stress in the punching of plates and 
other material, the effect on the maximum stress of the increase of clearance 
between punch and die, the advantages to be derived from the use of shearing 
punches, and finally, the effect of time on the flow of metal in punctured. 


ADDITION TO PAPER 


15 Since the publication of this paper, the pressure-recording device 
has been quite thoroughly tested by Messrs. G. E. Couillard and W. 
M. Edmonstone, students of Tufts College, for determining the max- 
imum stresses produced in steel plate, its shearing value, the effect 
on this value by increasing the clearance between punch and die, 
and the relative efficiency of various types of punches. 

16 At first there arose the question of the error due to the irreg- 
ularity in the pressure line caused by the viscosity of the oil, and a 
series of calibrations were made to correct the errors in previous exper- 
iments with this apparatus. This use of an indicator has not been 
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an approved one, and our experiments showed too great an irregu- 
larity in the pencil movement because of the slow motion of the punch 
in the testing machine. It was then discovered that a continued 
tapping of the indicator cylinder during the process of punching elim- 
inated this error most completely, leaving us a constant for the vari- 
ation in the spring during the upward movement and another con- 
stant for the downward movement. As these calibrations were made 
several times during the punching tests, any slight variation due to 
the differences between old and new oil was noted. There were 
such differences, although but slight. With reasonable care in cali- 
bration, which in a series of tests is very quickly made, I believe that 
the error due to the indicator should not be greater than 2 per cent, 
and this is less than the observed reading on the beam of the testing 
machine. 

17 Another check was applied by connecting a 2000-lb. gage with 
the oil space. This served for calibration as well as for the reading 
of maximum pressures. 

18 A 600-lb. spring was used for all tests, having a maximum 
pressure of 1220 lb. to the square inch and equivalent to a pressure 
of 61,000 lb. on the punch. 

19 The series of tests alluded to were made on mild steel plate 
of 60,000 Ib. tensile strength, having an elastic limit of about 37,000 
lb. Plates of 3, 35, 2, x, 3, and 2 in. were used and punches of 3, 
$, and 2 in. nominal diameter, variations in these sizes being made 
to obtain clearances between punch and die diameter of 0.015, 
0.030, 0.060. 

20 Observations on the shearing stress per square inch, using 
the minimum clearance between die and punch, and figuring the 
shearing area as the circumference of the die, multiplied by thick- 
ness of plate, showed a remarkable difference between the 3-in. plate 
and all thicker plates, the former having a shearing value of 59,800 
while the ;5 to § plate averaged but 45,800. All curves drawn of 
the stresses showed great regularity from 7% in. to 3 in. thickness, 
but the ratio between } and ;5; being in all cases much greater. 

21 The reduction in the maximum pressure due to increasing 
the clearance between punch and die proved very interesting. Assum- 
ing the 3-in. flat punch with minimum clearance, 0.015 as the base, 
the punching pressure was reduced 73 per cent by doubling this 
clearance and 15 per cent by quadrupling this clearance. This per- 
centage was much less with larger punches. 

22 Three classes of shearing punches were used, the spiral, an 
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outside bevel, and an inside bevel, and comparative tests were made 
between these and a flat punch in the punching of nearly 500 holes. 
On the }-in. plate the decrease in pressure by the use of a shearing 
punch varied from 6 per cent with minimum clearance to less than 2 
per cent with maximum clearance. On plates thicker than }-in. 
there was an increase in the shearing pressure which in some cases 
was as great as 34 per cent. Besides this, the difficulties of stripping 
the plate were greatly increased. 

23 Although the device in question does not afford us an oppor- 
tunity for deriving stripping values, we have made some observations 
on this subject, and although very incomplete, it is of interest to 
note that the force required to strip a 3-in. plate from a 3-in. punch 
varied from 800 Ib. to 5 tons, the latter value being with a shearing 
punch and maximum clearance. 


DISCUSSION 


Rk. C. CARPENTER said that although the paper referred to the 
hydraulic indicator, it seemed to be an ordinary steam indicator of 
a well-known type, and the author did not state what means were 
taken to prevent leakage in the indicator, and the consequent reduc- 
tion of pressure. The drawings indicate that the volume of the fluid 
which acts on the indicator is very limited, and any leakage would 
materially affect the results. It is a well-known fact that indicators 
used under such conditions are very likely to leak or to stick, and 
either condition would have quite a serious effect. 


JULIAN KENNEDY believed that if the die on which the punching 
was done were mounted on a steel bar of suitable length and fitted 
with a multiplying apparatus for measuring the deflection of the 
spring, making a total travel of about 4 in. under the heaviest pres- 
sure, it would be possible to obtain more accurate results than with a 
hydraulic piston. There is no other means of measuring strains so 


accurate as a tempered steel spring with exact means for measuring 
its deflection. 


Tue AutHor. As regards the leakage to which Professor Carpen- 
ter refers, it has already been stated that the amount is so small that 
pressure has been maintained for a period of eight minutes, as shown 
by card No. 40, Fig. 5. 

An indicator spring operating under such conditions will, of course, 
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record a lower pressure than when operated rapidly, and must be 
calibrated for this speed and the fluid used. Irregularities which 
at first were caused by the sticking of the piston were almost entirely 
eliminated by the continued tapping of the indicator cylinder, thus 
enabling us to obtain a very great degree of precision. 

A Crosby indicator was used, of the type catalogued as a hydraulic 
indicator. We have since checked these results by using a Crosby 
hydraulic press recording gage in which all leakage was eliminated, 
and the results from the latter did not differ from the former. 

In using the pressure indicator on a punching machine, for which 
it was designed, the rapidity of the operation suggested the use of an 
indicator rather than a recording gage. 





MILLING CUTTERS AND THEIR EFFICIENCY 


By A. L. DeLeeuw, PusiisHep In Toe JouRNAL FoR APRIL 


ABSTRACT OF PAPER 


Observations of present day practice and a number of experiments point to 
the fact that better results can be had from milling cutters by increasing the 
tooth space and depth. A number of cutters constructed along these lines were 
tested and it was found that they have a number of points in their favor, among 
which are less consumption of power, a greater amount of work done for one 
sharpening and a greater number of possible sharpenings per cutter. A change 
in the form of chip breaker made it possible to use cutters with chip breakers for 
finishing, as well asfor roughing. It was further found advisable to use a special 
kind of key, here described, for heavy work. Finally, this paper describes a 
new style of face mill and what is called a helical mill. 

A number of diagrams are presented showing the relative efficiency of differ- 
ent styles of mills for removing a given amount of metal. In general, attention 
is called to the possibilities which lie in a more scientific construction of milling 
cutters and the desirability of discarding our ideas of milling cutters, which are 
largely based on conditions no longer existing. 


DISCUSSION 


JoHN Parker. Much study and many years of actual experience 
have been involved in the design of cutters as made today, and any 
type of cutter that possesses any one quality to such an abnormal 
extent that its other attributes are made less efficient cannot be 
accepted as the ideal cutter for general use. 

The type of cutter Mr. DeLeeuw has introduced has undoubtedly 
the merit of consuming less power than the regular cutter, as shown 
by his tests and confirmed to a large extent by a number of compar- 
ailve tests made at the works of the Brown and Sharpe Manufactur- 
ing Company. This distinctive quality is of interest and gives the 
cutter a value which would be greater were it not that while for the 
heavier class of milling machines the new cutter proved entirely capa- 
ble, on the lighter class satisfactory resulis were not obtainable. 


Presented at the Spring Meeting, Pittsburgh 1911, of Taz American Society 
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It is evident that the new cutter, having so few teeth, produces 
a hammering action on the work greater than that of the standard 
cutter, because there are not sufficient teeth in contact to steady the 
action; and, unless the machine has the rigidity and massiveness pos- 
sessed by the heavier class of machines to withstand this pounding 
effect, the smooth action, so essential to good milling practice, is not 
obtained. This undesirable feature was very noticeable on a No. 2 
Universal milling machine, which is essentially a tool-room machine 
and necessarily of a light character to enable it to be handled quickly 
and easily. The pounding was so severe that the tests had to be sud- 
denly terminated, owing to the abusive action to which the machine 
was subjected. In another machine, somewhat heavier than the one 
referred io, work, when using the ordinary cutters, could be held in 
a vise clamped in the usual way; but, with the new cutters it would be 
pushed bodily out of the vise, and auxiliary means had to be provided 
to hold it in place. This would indicate that the new cutters would 
not be suitable for that class of work, when, for some reason it could 
not be so firmly secured as desired, or when great care would have to 
be exercised in clamping down work to the fixture or machine table, 
to prevent springing. 

Comparative tests were made between the special and the standard 
milling cutters, in both cast iron and steel, on the No. 5 Brown and 
Sharpe plain milling machine. The machine was motor-driven and 
was connected to a Westinghouse graphic meter for recording the 
tests. This is probably one of the best existing methods for making 
comparative tests. The cutters used were 3¢ in. in diameter, 12 
deg. spiral, right- and left-hand. The special cutters had 9 teeth, and 
the standard 16. These tests showed that, in removing 24 cu. in. of 
cast iron per minute, the new cutters consumed 20 per cent less power 
than the standard cutters, 15 per cent in removing 15 cu. in., and 14 
per cent in removing 12 cu. in. of machinery steel. As regards the 
smoothness of action, there was very little difference noted between 
the two types; both were very good. A finishing cut was taken with 
each cutter in both cast iron and steel; all the surfaces were excellent, 
the standard cutter having a trifle better finish. 

Comparative tests were made on the No. 3 Brown and Sharpe plain 
milling machine with both the new and the regular type end mills, 
of the following diameters and number of teeth: 1 in., 4 and 10; 1} 
in., 6 and 12; and 2 in., 8 and 14. In all cases the end mills with the 
small number of teeth consumed less power in both cast iron and steel. 
The gain in cast iron was 19 per cent for the 1 in. diameter, 16 percent 
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for the 13 in. diameter, and 18 per cent for the 2 in. diameter; and in 
sicel, 14 per cent for the 1 in. diameter, 12 per cent for the 1} in. diam- 
eier, and 9 per cent for the 2 in. diameter. In these tesis it was 
found that the new style mill had a tendency to work loose, notwith- 
standing that the hand of the spiral in relation to the rotation of the 
mill, had the effect of pushing it in towards the spindle. This trouble 
wus undoubtedly caused by the fact that the mills had so few teeth 
that the work imposed upon each tooth was sufficient to produce a 
pounding effect which jarred the mill loose. It is only fair to say that 
the cuts taken were far beyond what would be used in ordinary prac- 
tice, and that possibly under ordinary working conditions no bad 
effect might result. However this may be, this point would have to 
be carefully tried out before this type of cutter could be accepted 
in place of the regular, which developed no such trouble. 

In making the tests on the No. 5 plain milling machine with the 
milling cutters, the point regarding lack of chip room that Mr. 
DeLeeuw emphasizes was closely watched in the standard cutters, and, 
although the chip taken was far in excess of what would be demanded 
in ordinary practice, namely, ;45 in. deep and 10 in. feed per minute, 
there was apparently sufficient space, as not the slightest sign of clog- 
ging was in evidence. 

For some time past, stock face milling cutters have been made 
with the teeth set at an angle, both on the face and periphery, whereas 
the older type had radial teeth, both on the face and periphery; 
in both cases the pitch of teeth approximates 14 in. As a matter of 
interest, comparative tests were made. The results were, with the 
new type, a saving of 12 per cent of power in cast iron, and a gain of 
6 per cent in favor of the old type in steel. This latter was somewhat 
surprising; and, were it not for the very careful manner in which these 
comparative tests were made and recorded, the result might be ques- 
tioned. 

A test was made in steel with the new and old side milling cutters, 
4 in. diameter, 14 and 28 teeth respectively. One pair of each was 
used. A gain in power of 20 per cent in favor of the new was obtained. 
In this test the cutters with the less number of teeth cut the easier 
and the work had a better finish. 

In briefly summing up the situation, I believe Mr. DeLeeuw has 
developed an interesting type of cutter which possesses to a marked 
degree a valuable attribute, that of saving power; and, in certain 
classes of work, such as heavy manufacturing milling, it will doubtless 
find a field to whigh its characteristics are most suitable. But, in 
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view of the knowledge gained by the comparative tests made, I doubt 
very much whether it will be as successful a cutter for general 
purposes as its predecessors. 


A. F. Murray. The results of Mr. DeLeeuw’s experiments are 
in accordance with theories which I have been advocating for several! 


Fie, 40 Two 16-1n. Currer Heaps at Work 


years. At the Blake and Knowles Steam Pump Works we are con- 
tinually recutting old milling cutters for our manufacturing depart- 
ments, and invariably reduce the number of teeth about half, setting 
the mill deep enough to cut out completely every other tooth. In 
most cases we have done this with standard bevel cutters for milling 
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the teeth. We are now glad io avail ourselves of the results of Mr. 
DeLeeuw’s experiments as to changes in these cutting angles for end 
and spiral mills. 

We have an equipment of the high power face mills, shown in Fig. 
16, and we have recently had some new high-duiy 16-in. and 20-in. 
face mills made for a heavy 4-spindle milling machine. Fig. 40 
shows the two 16-in. cutter heads at work with the two 20-in. cutter 
heads standing alongside the machine. An old pattern 12-in. cutter 
head is shown on the horizontal spindle. 

The method of attaching these cutters to the spindle is worth noi- 
ing. The spindle has a taper hole in which is fitted a short arbor 
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3 in. in diameter used only for- centering the cutter. The spindle 
also has a flanged end 7 in. in diameter and a key 1 in. wide perma- 
nently dovetailed across its face. The flange is also tapped for four 
#-in. bolts which hold the cutter firmly and squarely against the face 
of the spindle but do not assist in driving, as they go through clearance 
holes in the cutter head. This holding means was suggested by one 
of the cutter manufacturers and adopted after a careful trial of the 
cutters screwed on the end of the spindle and several arrangemenis 
with drawback bolts and with both face and longitudinal keys. Fig. 
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11 shows the construction of these cutters. It will be noted that 
the bodies are shaped like the frustum of a cone with the blades 
pitched back at an angle of 10 deg. and projecting beyond the rear of 
the body as much as the design permits. In this way long life of 
cutter blades is secured with a minimum amount of grinding. The 
other clearance angles, it will be noted, are practically the same as 
in Fig. 16. Instead of three settings in grinding required for corner- 
ing the blade, we have obtained good results with two settings as 
shown in detail in Fig. 41. 

It is our intention to construct experimental cutters with coarser 
pitch of blades than those we have at present (23 in. and 3 in. circu- 
lar pitch instead of 2} in.), as we do not believe we have reached 
the limit in this direction. 

Referring to Mr. DeLeeuw’s remarks on end mills, results obtained 
in a splining machine recently put on the market, by the use of fish- 
tail cutters running at high speed with ample lubrication, have served 





























Fie. 43 SHowrinc CuTTeR witH Opposite CoRNERS OF ALTERNATE TEETH 
REMOVED 


to indicate that a reduction in the number of teeth of end mills was 
desirable. We have recently put into use several 3-in. and 4-in. 
inserted blade end mills with 6 and 8 teeth respectively, the blades 
being constructed of $ by 1¥. in. high-speed steel, raked in the same 
manner as the larger face mills shown in Fig. 16. 

Saws, slotting and side mills, as ordinarily made, have too many 
teeth. It is my opinion that a large proportion of the success ob- 
tained by the use of inserted tooth mills for this purpose has been due 
to the enforced reduction in the number of teeth. Several years 
ago, while connected with a small arms factory, I assisted in some 
experiments which were made for increasing the production of a very 
heavy slotting operation in which a 7-in. cutter, 0.900 in. wide with 
a 14 in. hole, buried itself to the hub in a steel forging set at an angle 
of 45 deg. The operation was performed on a heavy type of Lincoln 
inillmg machine. The first cutter employed was a high-speed side 
mill of regular pattern, which gave very unsatisfactory results and 
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stalled the machine with light feed, choking with chips, although the 
cut was flushed with a heavy stream of soda water. Some one sug- 
gested the cutter shown in Fig. 42 which practically doubled the pro- 
duction, but the output was still below requirements. Opposite 
corners of alternate teeth were then removed, as shown in Fig. 43. 
This slight change enabled us to feed from 1 to 1} in. a minute as 
against about $ in. with the cutter (Fig. 42) and about % in. with the 
standard form of side milling cutter. 

About two years ago I repeated this experiment with an inserted 
tooth side milling cutter 10 in. in diameter, 13 in. face, 2 in. hole. 
The pitch of the blades was about the same as that shown in Fig. 17 
(being a side mill the blades were set in parallel to the axis), approx- 
imately 1 in. circular pitch. This cuiter was being used to mill a 
slot 33 in. deep by 12 in. wide in U. 8. Navy Class A steel forgings, 
having a tensile strength of 80,000 lb. per sq. in. 

The cutter, as furnished by the manufacturer for straddle mill- 
ing work, was unable to cut through this material more than 3 in. 
per min. and the machine could be heard all over the room. This 
recalled to my mind the former experience above referred to and alter- 
nate corners of the inserted blades were ground off at an angle of 15 
deg., 7g in. beyond the center, and they were sufficiently offset to 
enable the 13 in. cutter to machine the 12 in. slot to size at only one 
cut. This change increased the feed possible from % in. up to 1} 
in. per min. and gave 200 per cent increase in efficiency by making 
the chip three times as thick and half as wide as at first and pro- 
viding additional chip clearance. It is believed that some of the side 
mills shown in Figs. 14A and B and Fig. 15 would be improved by the 
adoption of this staggered tooth when used for cutting slots. 

The practice above referred to has been used quite frequently in 
connection with small tee-slotting cutters, but I have never seen it 
used elsewhere on the larger types of slotting cutters. 


W.S. Huson. From the point of view of product, the operation of 
cutters is paradoxical. In a gear-cutting machine, we have not been 
able to get the same results with the wide-spaced edges of the stand- 
ard cutter of today as with cutters having several times as many cut- 
ting edges. Gear teeth are smoother and run better, though the cut- 
ter is much more expensive to maintain. Even after all the investi- 
gation by prominent cutter people, the larger number of teeth in a 
milling cutter gives better gears. 
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We get better results in surface milling from wide-spaced cutting 
edges than from the usual close-spaced. We have found in testing 
work milled with cutters having many teeth that when the cut was 
finished, say at 3 p.m., and tried with straight edge and gages, it 
was right, while the next morning it was out. There are two causes 
for this: the peening effect of the cutter, and another which I think 
is not fully considered, but which I believe is borne out by experience, 
namely, that the teeth of a milling cutter punch or force little particles 
of cutting dust into the interstices or pores of the iron, which finally 
respond to the force exerted on them, and throw the work out of 
alignment. A cutter with fewer cutting edges for surface milling 
does not give a bright finish, but the product requires less subsequent 
filing and fitting. It is for this reason that the question of milling 
cutters is paradoxical, for in the case of gear cutters with many cut- 
ting edges we get asmoother gear tooth, whereas in surface milling 
we get a truer surface with fewer edges. 

I agree with the paper that in surface milling the fewer cutting 
edges, the more chip clearance, and hence the more permanent, if 
not quite so smooth, work will give better final results than cutters 
with close-spaced edges. The amount of power consumed is of little 
importance in the final cost, if as a result of rapid machine output, 
manual labor must be used to make the work acceptable. 


THe AutHor. In a general way, the results of Mr. Parker’s ex- 
periments are in line with mine and perhaps the greatest difference 
between them is a matter of amount. The difference between the 
power consumed with the old and new style cutters I found to be 
greater than that obtained by Mr. Parker, and further experiments 
which I have made since writing this paper show even greater differ- 
ences than were found at first, due to the fact that they were made 
with cutters with a wider spacing of the teeth. 

As to the hammering effect produced by the wide-spaced cutter, 
I found this to exist only with roughing cuts of very moderate depth 
and it was overcome entirely by making the spiral steeper than 10 
deg. Experiments carried out with cutters with 20-deg. spiral were 
entirely successful and it was found impossible to produce a set of 
conditions in which this cutter would cause hammering. At the same 
time, the end thrust was so slight, that its effect could not be noticed. 

Mr. Parker’s method of using a Westinghouse graphic meter for 
recording the tests raises doubts in my mind as to whether it is pos- 
sible to get a simultaneous reading of power consumed and speed of 
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machine, though, of course, I have no reason to doubt that Mr. Parker 
has taken care of this feature in some way. If so, it would be inter- 
esting to know in detail his method of testing. 

The results of his tests of wide and narrow spaced face mills, (the 
wide spaced mills having double rake), are widely at variance with my 
results; and if I had not repeated carefully these tests a great num- 
ber of times, I might be tempted to repeat them again. It is probable 
that there are some essential constructive differences between the 
cutters used by Mr. Parker and by myself, which may explain this 
great difference in results. 

The only thing I want to add to Mr. Murray’s remark is that there 
seem to be some points in the construction of this cutter which I would 
consider improvements, especially the cutting away of one side of 
the alternate teeth. 

In regard to Mr. Huson’s remark that “the amount of power con- 
sumed is of little importance in the final cost, if as a result of rapid 
machine output, manual labor must be used to make the work accep- 
table,” I would not wish anyone to think that I have advocated 
rapid removal of metal at the expense of finish, nor that these new 
cutters produce such an undesirable result. On the contrary, I 
found less disturbance of flatness and straightness, on account of 
pressure and heat. Another angle of this question is that it is not 
so desirable to use less power because power costs money, but because 
all power used which is not needed directly for separating the chip 
from the work, is power used to dull or break cutters, to distort work 
and to wear or ruin the machine, and if I would get a bonus for every 
horsepower used on machine tools, I would still aim to make the 
machines in the shop do their work with the smallest possible amount 
of power. 








ENERGY AND PRESSURE DROP IN COMPOUND 
STEAM TURBINES 


By Forrest E, Carput.o, PuBLISHED IN THE JOURNAL FOR FEBRUARY 


ABSTRACT OF PAPER 


It is customary to design multi-stage impulse turbines on the assumption 
that the entropy of the steam remains constant. The effect of fluid friction 
is to increase the total heat and the entropy of the steam as it flows 
through the turbine, and to increase unduly the proportion of the power 
developed in the later stages. An empirical formula is proposed for esti- 
mating the quantity of power developed in each stage of such a turbine. 
This equation is modified so that by its aid the proper pressure drop in 
each stage may be determined. A graphical solution of the problem is also 
developed. The methods outlined are applicable to the solution of prob- 
lems in turbine design when a temperature-entropy table or a total heat- 
entropy diagram is used. 


DISCUSSION 


W. H. Herscuet (written). Referring to Fig. 1 the total avail- 
able heat is not AB = AH, but AB’, and it is the main object of the 
paper to determine the value of AB’. The method is based upon tnat 
of Professor Peabody, and differs from it in leaving out all consider- 
ation of temperature so as to permit the use of the Marks and Davis 
entropy diagram. We are therefore concerned only in proving 
whether the accuracy of the method is as great as that attainable in 
the customary use of the diagram. 

‘he proposed graphical method is open to the objection that the 
long line BB’ must be drawn parallel to the much shorter line pl’. 
This cause of inaccuracy may be removed by computing and laying 
off the length AB’, and then drawing gq’ parallel to BB’. To serve 
as a check gq’ should also be parallel to pl’. 

2 
ipa where AM = AB 
+ (us + dg — tv). Fhe quantity in parenthesis is the sum of the 
intercepts between the lines EF and AB, ordinates above AB being 


From the graphical construction AB’ = 
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plus, and those below AB, minus, all these ordinates being propor- 
tional to their distances from 0. 

AB 
od + os + (—ot) =" — (n—4) Ap — (n—14)pq — (n—24) Ba 
To make this equation more general, we may designate the seg- 
ments of the line AB by the symbols S;, S, etc., and then 


od + os + (—ot) = = — (n—4) S,— (n— 14) S2.... . [n— (n—}4)]S, 


[od + os—ot] AE 
= 


2 


us + dg — tv = 


od + os — 
_ AH? _ 
2 (AC) S; 


AM = © AB 


and finally 


AC | 
AH 2 |S: +S, (AH)? (AH = s)| a= SL [1) 
} 
i —(n—4)Si— (n—14)S9... . .[n—(n—4)]Sp 
Si AH + — (AH)? 


2(AC) S: 


AB’ = 





Equation [1] looks somewhat formidable, but is in reality simple to 
use, since it contains only n, the number of parts into which AH is 
divided, the lengths of each of these parts, and a constant AC 
= 0.00056 (AH?) (1—E), where E is what Professor Peabody calls 
the overall internal heat factor. If AB is divided into equal parts, 
AB’ = nAI = nh. 

According to the proposed modification of Professor Peabody’s 
method 


AH 


bo = 
n 


E + 0.00056 (1 — E) AH ("= ‘)| 


2(AH)? 


n2 


h—h = 0.00056 (1 — E) 

Referring to Fig. 2, we will call B, the point where the perperdicular 
dropped from the point B, intersects the line of constant pressure P3. 
If the power to be developed in each stage is the same, h, = AH, 
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= BB,. Because it is fairly obvious that the method under consider- 
ation does not apply to the superheated steam part of the diagram, 
and because it is customary to design turbines for dry steam, I shall 
confine my attention to the part of the diagram below the saturation 
curve, where the pressure lines are substantially straight. Let ©; 
= the argle between the line BH, and the vertical AH. Then in 
order that AH, shall equal BBs, = 5 (3 py 
of lines P, and P; in the horizontal distance between the verticals 
N; and Nz. 


= rate of divergence 


2 (AH)? 


n2 


[1 + 0.00056 (1 — E) AH (= ‘| ha ~ EB) 


0.00056 (1 — EZ) 


tan 0; = 
n 


_ 2AH 0.00056 cot 0, 
na + ("=") 0.00056 az «1 £) | 


It should be noted that the horizontal distance between N,; and N2 
must not be measured in the scale of entropy, but in the scale of H, 
lin. = 50 B.t.u. But if ©, is the angle between the lines N; and P3, 
then the rate of divergence of lines P: and P3 is equal to cot 0; — cot 
0, and we have 


2 AH 0.00056 cot 0, 


cot 0; — cot OQ. = = 1 ° 
n 1 +("> ) 0.00086 AH (1 — B)| 


. [2] 


The rate of divergence is thus seen to depend on the quantities 
AH, E, n, and tan ©, and under ordinary conditions their variation 
will be about as follows: 


AH from 350 to 140 B.t.u. 

E from 0.50 to 0.70 

n from 2 to 25 to include the Rateau type, but not the single-stage De 
sval 

0, from 55 deg. at 200 lb. to 65 deg. at 1 ib. 

cot 6, from 0.700 to 0.466 


Equation [2] will give a maximum value when cot 6; = 0.700; = 2; 
AH = 350 and E = 0.70; and a minimum value when cot 0, = 0.466; 
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n = 25; AH = 140 and EH = 0.50. This gives for the maximum 
divergence in 8 in. horizontal length, 53.4 B.t.u. and for the minimum 
divergence for the same difference of entropy, 1.13 B.t.u. 

If we restrict the formula to land Curtis turbines, » would not 
have a maximum value above 6 (the highest number of stages men- 
tioned by the author), and the minimum divergence would become 
4.72. If we leave out low-pressure and non-condensing machines, 
AH would not be less than 250 and the minimum divergerce would 
be 8.56. Ihave thus far treated, AH, EH, n and cot 01, as independent 
variables, following the example of the author who assumes the same 
efficiency for a two-stage as for a six-stage turbine with the same value 


of AH. However as E depends upon bucket speed as well as on = 


and as the bucket speeds are not given, we may assume that with 
suitable speeds and types of machines, the two turbines might have 
the same efficiency. 

Professor Peabody applies his method to a somewhat wider range 
of conditions than does the author, but in order that the latter may 
not make the objection that I attempt to apply it to conditiors for 
which it was not intended, I shall confine myself to the two cases 
which he has himself given, where AH = 322.2 and EF = 0.60 in both 
cases and n = 2 and 6. 

Where n = 6, ©; varies from 58 deg. to 64 deg. and we may take 
the average value of cot @2 to be 0.546 where n = 2, 6, = 62 deg. and 
cot 6, = 0.532. Therefore, we have from [2] 





37.1. . .[3] 


Divergence in 8 in. 2 X 322.2 x 0.00056 x 400 x 0.532 _ 


ifn = 2 ~ 2 [1+ 4 (0.00056) 322.2 (1 — 0.60)] _ 





Divergence in 8 | 2 X 322.2 x 0.00056 x 400 X 0.546 _ ,. , 4] 


¥an=6 ~ 6 [1 + 3(0.00056)322.2 (1-0.60)] 


Now it is an easy matter io find the actual divergence on the entropy 
diagram in 8 in. horizontal distance and for a drop of say 2 in. = 100 
B.t.u. If we measure the distance apart of two pressure lines at 
ertropy 1.30 and again at 1.46, the difference, to the scale of 1 in. 
= 50 B.t.u., will give us the divergence in B.t.u. for 4 in. borizontal 
distance, and double this would be the rate of divergence of those 
particular pressure lines in 8 in. In the case of the lower pressures 
the full 8 in. may be measured directly, as from entropy 1.46 to 1.78, 
the horizontal entropy scale being 1 in. = 0.04 units. In this way 
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I find the actual divergence in 8 in. horizontal and 2 in. vertical is 
about 25 to 35 B.t.u. in the most used part of the diagram and has 
about double those values for very high pressures. 

In the author’s problem of the two-stage turbine, the entropy 
at admission is 1.560 and for the second stage 1.663. The hori- 
zontal range is thus Lae ~ 1 2.57 in. From [3] we might 


0.04 
therefore expect a divergence of ae aE = 11.9 B.t.u., while 
the actual divergence as found by the autbor is 167.0 — (1026.3 
— 871.1) = 11.8. A divergence of 11.8 for a horizontal distance of 
2.57 in. and a vertical drop of ss 50 oe. 3.10 in., corresponds 
to a divergence of 24 B.t.u. for our standard conditions, instead of 
25 to 35 B.t.u. which I found by scaling from the diagram. Another 
estimator might find a different value by scaling, but even if we sup- 
pose 30 to be correci, this would not change very greatly the avail- 
able heat per stage. The divergence for our two-stage turbine would 
become 14.8 and the drop would be 168.5 instead of 167.0. This 
would be equivalent to increasing the factor 0.00056 to 0.00071. As 
the steam velocity = CVh, an increase of h from 167.0 to 168.5 
would increase the steam velocity only about half of one per cent. 
Since the proper steam velocity for a given bucket speed is not known 
within half of one per cent, we may conclude that the proposed method 
is accurate enough for a two-stage turbine working under moderate 
pressure. 

Coming now to the six-stage turbine, the entropy at admission is 
1.560 as before. The entropy of the last drop is not stated but it 


may be found as follows: The drop in each stage nA? (1+K) =56.9, 


so that the drop from A to D (Fig. 2) would be 0.60 (6 X 56.9) 
= 204.8 and the drop from A to Pas: (Ps on Fig. 2, or P; for the 
six-stage turbire) would be 204.8 +( 56.9 X 0.40) = 227.6. The end 
of the last drop would be at H = 965.7 and pressure = 1.00, and the 


entropy of this point would be 1.729. The horizontal range would 


be a = 4.22 in. and so we should expect from [4] a diver- 


gence of = Be is 6.5 or 1.3 B.t.u. for each of the five drops. 


This should be equal to h; — he = 56.7 — 55.4 in Table 1. The 
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author takes = = 53.5 instead of 53.7, but allowing for this 


inaccuracy h, — h, = 56.9 — 55.6 = 1.3 as before. 

The author says, Par. 9, “So far as the writer is aware there is no 
particular reason why this method should give correct results, but 
experience shows that it does do so.” In Par. 6 he uses the word 
empirical which is the only indication furnished by the author that 
his method is not applicable with perfect accuracy to all parts of the 
entropy diagram. As I have already pointed out, the method does 
not apply to superheated steam or to wet steam of very high pres- 
sure, and in regard to the part of the diagram in most frequert use, 
it would be more accurate to say the error is so small as not to be 
readily detectable, than to leave it to beinferred that there is no error. 

The author has carefully omitted all references made by Professor 
Peabody to errors in the method. For example, Professor Peabody’s 
Table 6* (corresponding to the author’s Table 1) contains the follow- 
ing data: 


Pressure Entropy Heat Drop 


1193.3 

1136.7 
1.560 

1158.4 

1101.5 
1.588 

1123.5 

1066.4 
1.618 

1088 .6 

1031.9 
1.651 

1053 .7 

996.7 
1.685 

1018.8 

962.1 
1.722 


1.00 1.761 


In reference -to this tabulation Professor Peahody remarks that the 


* A Method of Determining Pressures for Steam Turbines, Cecil H. Pea- 
body, Trans. Soc. Naval Archs. and Marine Engrs., 1909, p. 32. 
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sum of the several amounts of heat assigned to the six stages for 
adiabatic action should be equal to 322.2 x 1.054 = 339.6, instead 
of 341.0, the discrepancy being due to lack of precision in the calcu- 
lation. 

In the case of the two-stage turbine Professor Peabody assigned 
a drop of 166.4 B.t.u. to the first stage and obtained 166.1 for the 
second. In short, even with the most careful interpolation in his 
entropy table Professor Peabody found that his method was subject 
to error, though to be sure the error in the cases cited, is negligible 
for all practical purposes. 

Returning to the author’s statement in Par. 9, we are left in doubt 
as to the extent of the experience which shows that the method gives 
correct results. There is nothing to show that the experience covers 
more than the examples given in Professor Peabody’s and the author’s 
papers. However, if it is desired to apply the method to any part of 
the diagram, an idea of the error involved may be obtained by the 
help of [2], either by scaling the divergence of the lines P2, and P; or 
by measuring with a protractor the angles 9; and 62. For this purpose 
the location of the lines P; and Ps; may be obtained with sufficient 
accuracy if AH; is taken equal toH,H; = = . 

But the author’s method, in addition to assuming a constant rate 
of divergence for a certain drop and a certain difference of entropy, 
is based on other assumptions which affect its usefulness. In Fig. 
1 it will be noted that B’z, g’y and I'zx are parallel, which signifies 
that the efficiency of each stage is the same, and Professor Peabody 
says, “Tbe method assumes that the efficiencies of the several 
stages are the same or nearly the same, and most concordant results 
will be obtained when the same amount of heat is assigned to 
each stage. But the method is insensitive to reasonable changes in 
the heat factor and will give good comparison with practice with any 
type of turbine.’”” 

That the method is insensitive to changes in E is shown by Professor 
Peabody’s calculations, and it also follows from [2]. When Professor 
Peabody says “any type of turbine,” it is to be supposed he 
means any multicellular turbine, since the method does not apply to 
a single-stage De Laval machine, and its application to the Parsons 
type has not been demonstrated. As for the comparison with “prac- 


1A Method of Determining Pressures for Steam Turbines, Cecil H. Pea- 
body, Trans. Soc. Naval Archs. and Marine Engrs., 1909, p. 30. 
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tice” it depends upon what is meant. Writers show a ‘‘strange reti- 
cence” in telling all they know and it is a question whether practice is 
to be considered as represented by what is published, or by the 
methods actually used by designers. 

I question whether it is good practice to assume a constant-stage 
efficiency as it is obviously contrary to fact. As the efficiency can 
only be constant if the losses are constant, we must consider the losses 
in each stage. Leaving out radiation, leakage between stages and 


2 
the loss due to residual velocity, ~ , the chief losses are due to the 


steam passing through the nozzles and blades, and to the discs and 
blades rotating in steam. I shall call these two frictional losses, 
blade losses and windage. 

If c = the theoretical velocity due the heat drop assigned to a 
stage, c. = yc = velocity of steam leaving the nozzle, and w2. = xw; 
where w,; is the resultant of c, and the peripheral velocity. Then 
the blade loss will equal 


3, (e- é:”) + (w:? — w*)] = 7 (1— ¢) +.w*(1 — x%)] 


As ¢ and x may be considered constant, it follows thet the blade loss 
will be constant only when c and w are the same for all stages. If 
the heat assigned to a stage is constant, c is constant, but w will vuy 
with the blade angle. It is well known that at the low-pressure end 
of marine turbines, semi-wing, wing and double-wing blades are em- 
ployed, and this same flattening of the blade takes place in land 
turbines, though perhaps not so often referred to. Consequently 
the blade losses vary with changes in the value of w from stage to 
stage. 

The variation in the windage losses is much greater. While the 
absolute numerical value of the windage losses may be difficult to 
discover, on account of disagreement between authorities whose 
tests were made with different types of running wheels, the following 
equation from Stodola! may be taken to illustrate our point. 

N = B10-° Dn’ Ly 
= windage in kw. 
a factor depending upon the number of rows of blades 
= diameter to middle of blade 
mean length of blade 
= specific weight of steam 


1The Steam Turbine, Aurel Stodola, ed. 4, p. 129. 
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D may be constant in all stages and in some czses, 8 is also a constant. 
L may vary from a fraction of 1 in. to over a foot, and the variation in 
the density of steam is enormous. Corsequently the windage will 
be greatest in the first stage, where y is a maximum, in spite of the 
fact that L is there a minimum, and it will gradually decrease to a 
comparatively insignificant quantity in the last stage. Of course, 
if there are very few stages, or the turbine is running non-condensing, 
the windage in the last stage may be considerable. The assumption 
that the efficiency is the same for each stage is thus far from the truth, 
and can be justified only on the ground that it is one commonly made 
in books. 

In Par. 6, the author defines E as the probable thermal efficiency 
of the turbine and gives the formula E = ioe H where S is the 
probable steam consumption per horsepower per hour. In using 
this formula, it does not seem to me clear how he allows for the fact 
that there are losses which do not increase the entropy of the steam. 
Stodola! explains the matter more fully somewhat as follows: Add 
to N, the effective horsepower, the losses outside the turbine casing, 
such as bearing friction and the power used to drive auxiliaries, and 
the sum is called N;. If G, is the steam consumption per effective 
Ne 
N,; ’ 


heat between initial and final conditions will be 


horsepower per hour, then G, = G, the difference in total 


2545 
G; 
ing losses due radiation and the increase in steam velocity between the 
steam chest and the exhaust), and finally the efficiency will be equal 
o wa 

G, AH ° 
except that he takes G,; = 0.9G,. He then goes on to say, “There 
may be a reasonable dislike to using a factor based on the gross horse- 
power of the turbine, but it will be shown that a considerable varia- 
tion in that factor will have only a small effect on the computations 
of pressure; and after all there appears to be no way to avoid the diffi- 
culty.” 

As I understand Professor Peabody, the heat drop between the 
point A and the point D (Fig. 2) is equal to “?*° and there is no 

i 
objection to this method of finding the point D. But he does admit 


(neglect- 


t Professor Peabody uses practically this same method, 


1 The Steam Turbine, Aurel Stodola, p. 116. 
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there might be a reasonable dislike to taking the overall turbine 


efficiency a as the efficiency of each stage. 
i 


AH 

It might also be objected ihat the steam does not actually pass 
through the changes represented by the broken line AH2B, etc. 
This could occur only if there were no friction and consequently no 
increase of entropy in the nozzles and no decrease of pressure in pass- 
ing through the blades. In reality there is nozzle friction and espe- 
cially in Curtis turbines using intermediates or reversing blades, there 
is often a fall in pressure in passing the blades. On this account 
some writers do not classify the Curtis turbine as a pure impulse 
turbine. However, the error introduced by considering that the 
steam follows the path AH,B is slight compared with that due to 
taking E constant. An inaccurate value of E has, as Professor Pea- 
body shows, but slight influence on the calculated steam velocities, 
but it should not be overlooked that its influence on the calculated 
steam volumes is much greater. 

However, the total amount of heat that may be assigned to the sev- 
eral stages is obtained, and this is but a beginning. The real task is 
in so arranging blade lengths, blade angles, disc diameters, heat drops, 
ete., that the ratio of steam speed to bucket speed shall be as desired. 
Professor Peabody,' and the author (Par.3), assume a constant steam 
velocity and the same heat drop in each stage. Now the theoretical 
ratio between bucket and steam velocity in an impulse turbine is 
one-half and if there were no losses this value would be used. On 
account of the losses, which increase approximately as the cube of the 
bucket speed, there is a certain bucket speed less than half the steam 
speed, which gives the greatest net power. Furthermore, not only 
has a turbine a most efficient speed of revolution, but each separate 
row of blades has a most efficient linear velocity depending on the 
losses in the separate stages. The angular velocity of every row of 
blades must be the same, but the linear velocity may be regulated 
within certain limits, by changes in blade length and disc diameter. 
Thus if the author assumes that the diameters of the moving ele- 
ments of each stage are the same, he should not assume a constant 
steam velocity in each stage. 

The method presented by the author gives results that agree 


1A Method of Determining Pressures for Steam Turbines, Cecil H. Pea- 
body, Trans. Soc. Naval Archs. and Marine Engrs., 1909, p. 29. 
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with those obtained by the method of assuming a constant reheating 
factor, with an error so small as not to be readily detectable by scaling 
on the entropy diagram, so long as operations are confined to the 
more usual pressures, with steam initially dry. However, the re- 
heating factor actually varies from stage to stage with changes in the 
internal losses, so that any method which assumes a constant stage 
efficiency is but a preliminary to the more difficult task of proportion- 
ing the pressure drop between the stages so as to obtain a suitable 
variation in the ratio of bucket speed to steam velocity, which can 
be accomplished only by the method of successive approximations. 


C. H. Peasopy! (written). I desire first to express my apprecia- 
tion of the kind manner in which Professor Cardullo refers to my paper 
on A Method of Determining Pressure for Steam Turbines, which 
serves as a point of departure for his own investigations. 

In his paper Professor Cardullo shows that his empirical equation 
is both accurate and convenient, and the few applications I have made 
of it lead to the same conclusion. But I cannot agree that in prac- 
tice it will be found either more simple or exact than the method 
offered in my paper. Though it does not much change conditions, 
I will say that the computations of ratios for determining tempera- 
tures and pressures has been abbreviated since my paper was pre- 
sented. 

I should like to explain the derivation and use of these factors. 
Taking 164.8 lb. and 1 lb., or 366 deg. and 102 deg., Professor Car- 
dullo’s paper shows that the middle temperature for adiabatic action 
is 223.5 deg. But if only 0.6 of the available heat is changed into 
work and the other 0.4 remains in the steam, the entropy will increase 


to about 1.65. Let A stand for the heat contents and find the ratio 

A 

oa for a range of temperature of 40 deg. at entropy 1.56 and 
165 


at entropy 1.65 as follows: 


Temperature Heat Contents 
Entropy 1.56 Entropy 1.65 
243 1056.0 1122.8 
102 1006.7 1069.6 


49.3 53.2 


53.2 
atin: _ = 1. 
Ratio: 49 3 08 


‘Prof. Naval Arch. and Marine Engrg., Mass. Inst. of Tech., Boston, Mass. 
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To find intermediate temperatures for a six-stage turbine draw a 
diagram like Fig. 3 in which h,h2 represents the adiabatically avail- 
able heat, 322.2 B.t.u. At a convenient scale the ratio 1.080 is laid 
off at the top and a diagonal line is drawn through the middle point. 
The line hyhz is divided into six equal parts. There may in any case 
be as many parts as there are stages which may be equal or unequal. 
At the middle points of the segments of hih, draw abscissae and on 
them read their values as indicated. Then calculate the intermediate 


he 7 
0.94 0.96 0.98 1,00 


Fig. 3 Diagram SHOWING INTERMEDIATE TEMPERATURES FOR A SIx-STAGE 
TURBINE 


temperatures and pressures as follows: 


Temperature Pressure 
1193.3 — 57.3 = 1136.0 312.5 80.5 
1136.0 — 55.9 = 1080.1 263.5 37.6 
1080.1 — 54.4 = 1025.7 218.0 16.5 
1025.7 — 53.0 = 972.7 176.5 6.95 
972.7 — 51.5 921.2 138.0 2.74 
920.2 — 50.1 871.1 102.0 1.00 


The temperatures and pressures are looked up in the temperature- 
entropy table at entropy 1.56, interpolating to half degrees, but not 
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to a greater degree of refinement. Great refinement is wasted in 
this matter, for the straight adiabatic method of text books gives 
a4 Maximum error in this case about 0.06 error in energy which cor- 
responds to 0.03 error in velocity. A variation of 10 per cent from 
the normal velocity of a turbine has barely an appreciable effect on 
the efficiency, and a variation of 0.015 would be imperceptible either 
in computation or experiment. 

There is, however, no use in allowing a preventable error of 3 per 
cent to creep into one computation and derange the results, conse- 
quently some method of correction should be used. I propose the 
ratio in Table 2 for my method. 


TABLE 2 RATIO FOR PRESSURE DISTRIBUTION 


150 Gage Pressure | 150 Gage Pressure Atmosphere to 
Heat Factor to28in. Vacuum | to Atmosphere 28 in. Vacuum 


0.55 1.09 
0.60 1.08 
0.65 1.07 
0.70 1.06 
0.75 1.05 


Having the ratio of heat changed into work by the turbine to the 
total available heat for adiabatic expansion, the designer may select 
the nearest ratio from the table and with it draw a diagram like Fig. 
3 and complete the distribution of heat as shown by Table 2. The 
ratio should be read to three decimal places because any error there 
may be in the method of distributing pressure is spread over the entire 
range of temperature and the intervals of temperature and pressure 
are obtained with a desirable degree of regularity. 

To show the insensitiveness of the method we may note that varia- 
tion in the ratio of heat changed into work to the total available heat 
is as follows: 


Heat factor ; , 0.65 0.75 
Intermediate temperature 219 220 
Intermediate pressure ‘ 16.9 17.2 


And further to show that a considerable variation in pressure has 
but a slight effect we may compare results with a ratio selected from 
Table 2 and with the proper ratio for the range of pressures. 





1018 ENERGY AND PRESSURE DROP IN COMPOUND STEAM TURBINES 


Heat factor 0.65 Tabular Value Special Calculation 
Initial temperature 400 
gage pressure 232 
Final temperature 102 
vacuum, in 28 
1.075 
Intermediate temperature ‘ 232.1 
ID isvds cdteones bavecenewena 21.49 21.61 


While I have no question that Professor Cardullo can use his graph- 
ical method effectively, I remain of the opinion that a numerical 
computation with the aid of the temperature-entropy table will be 
found more accurate and rapid. 


W. D. Ennis (written). The simplicity and exactness of Professor 
Cardullo’s method lie in the use of the corrective factor K which he 


TABLE 3 HEAT DROP IN 6-STAGE TURBINE 
Te. 9 oy Entropy Heat Contents, B.t.u. 


1.629 1252 0 
1.661 1216.8 
1.6935 1181.6 
1.731 1146.4 
1.772 1111.2 
1.814 1076.0 
1.863 1040.8 


has discovered. In designing a multi-stage turbine, either some 
inequality in the heat drops for the different stages, or a rather pro- 
longed adjustment must be contemplated. There seems to be no 
clear reason for the form of this new corrective factor and one is in- 
clined to doubt the generality of application of such expressions. | 
have, however, found it to fit another set of conditions than those 
given in the paper and am prepared at least to try it in additional 
cases. 

Consider a turbine having an initial pressure of 160 lb. abs., with 
100 deg. of superheat. Expanding down to 1 lb. abs.: six stages, 
steam consumption 12 lb. per h.p-hr. The initial heat contents is 
1252, the final (after adiabatic drop) 911: making the heat drop 341 
B.t.u., the efficiency E = 0.62, and K = 0.0608. The ideal heat 
drop per stage, corrected by the K factor, is then 60.2 B.t.u.; the actual 


drop is sea X 0.62 = 35.2 B.t.u. This leads to Table 3. 
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The whole heat drop is very nearly 1252 — 1040.8 = 212.8 
= 341 X 0.62. It would be interesting to know how the expression 
for K was obtained and whether it has further justificatiun than 
the one that it “works,”’ which is of course excellent. 


Tue AvutTuor. The objections raised by Mr. Herschel may be 
classified as follows: 
a That the method proposed will not give satisfactory 
results when wet steam is used in the turbine. 
b That it will not give satisfactory results when superheated 
steam is employed. 


TABLE 4 FOUR-STAGE TURBINE 


Inrt1aAL SteAM Pressure 14.70 LB. aBs., Intra, Quaity 85 PER CENT, TERMINAL PRESSURE 
0.594 LB. ABs., AssumED Erricrency 70 PER CENT. 
AH = 168.8 “ = 42.2 


0.00056 AH (1 — E) = 0.028 


Heat 
Drop Content 


1004.6 
43.1 961.5 
974.45 
43.1 931.35 
944.2 
43.1 901.1 
913.05 
43.1 869.95 





1.54 
1.54 
1.56 
1.56 
1.582 
1.582 
1.604 
1.604 


835.8 


c That it assumes the losses to be equal in each of the stages. 
d That it assumes all of the losses to be of such a character 
as to increase the entropy of the steam. 

The answer to the first objection, namely that the method is not 
satisfactory when applied to wet steam, may be seen in Table 4, in 
which will be found the calculations for a turbine taking a steam of 
85 per cent quality and expanding it from a temperature of 212 deg. 
to a temperature of 85 deg. This is an extreme case and there is 
no reason why a turbine should be supplied with steam of this qual- 
ity even though the steam rejected by the engine unit is of 85 per 
cent quality. The use of a separating receiver between the engine 
and the turbine would eliminate the water without appreciably de- 
creasing the admission pressure to the turbine. It will be seen from 
Table 4 that the caiculation by this method of the pressure and 
energy drops in the different stages give results which check absolutely. 
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Mr. Herschel’s objection that the method does not apply to super- 
heating steam is valid, although a much closer approximation to th« 
proper pressure and energy drops per stage may be obtained by 
employing this method than by the assumption of adiabatic expan- 
sion. In Table 5 will be found the calculations for a very extreme 
case. The turbine is assumed to take steam at 215 lb. pressure and 
226 deg. superheat and to expand it to atmospheric pressure. It 
will be seen there that the calculated energy drop per stage is 59.3 
B.t.u., while the actual energy drop in the first stage is 59.3 B.t.u., 
in the second, 60.2, in the third, 62.8, and in the fourth 59.3 B.t.u. 
By employing the method, the energy drop per stage is much more 
nearly equalized than it would be otherwise. 


TABLE 5 FOUR-STAGE TURBINE 
Intra Steam Pressure 215 vs. aBs., [NrT1AL SUPERHBAT 225 PERCENT, TERMINAL PRESSURE 
14.70 LB. aBs., ASSUMED ErriciuNcy 70 PER CENT. 
AH = 230.6 4“ = 57.65 
0.00056 AH (1 — EZ) = 0.039 
ACTUAL 


H Heat 
Content 


1322.5 ’ 

1263.2 . 1263.2 

‘ 1281.0 

1205.0 i ‘ 1220.8 

‘ 1238.9 

1147.9 ‘ 1176.1 

. 1195.0 

0.029 1091.9 ‘ 1135.7 


It must be remembered that this method is in the nature of a rule 
of thumb for determining as closely as possible the pressure of the 
steam as it enters the several stages of a turbine, on the assumption 
that the energy drop is the same in every stage. It is intended as a 
preliminary to the actual design of the steam passages and the vanes 
of the several stages of the turbine. In order to obtain a workable 
rule the difference in the efficiencies of the several stages was disre- 
garded. Had this difference been taken into account the method 
would become tremendously complicated and the final results prac- 
tically -identical with those obtained by employing the method in 
its simplified form. While the method is theoretically incorrect and 
inexact, in practice it is much more accurate than is our knowledge 
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of the properties of steam or the efficiencies of turbines, and there- 
fore as accurate as is necessary or desirable. 

The only losses in a steam turbine which do not increase the entropy 
are those due to bearing friction and radiation. In any case these 
are an exceedingly small fraction of the total heat supplied to the tur- 
bine and are therefore negligible in comparison with the losses which 
increase the entropy of the steam. To separate these losses is impos- 
sible and unnecessary and, as pointed out by Professor Peabody, 
slight changes in the assumed efficiency of the turbine have almost 
no effect in changing the value of the factor K in the equation. 

[ agree with Professor Peabody that a numerical computation by 
the aid of theftemperature entropy table is more accurate than the 
employment of the Mollier diagram and that, in general, analytical 
methods are to be preferred to graphical ones for work of this kind. 
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DiacraMs ILLUSTRATING Errecr Wita Wet STEAM AND SUPERHEATED 
SrEAM : 


Professor Ennis shows that when the amount of superheat is not 
extraordinarily high, the method gives satisfactory results. On 
the other hand, for extreme conditions of superheating, it is not so 
exact. 

Why the method works is shown in Fig. 4 which represents the tem- 
perature-entropy diagram of a turbine employing wet steam as a work- 
ing fluid. The line ed is drawn so that the area gbef is divided into 
two equal parts, in order that there shall be an equal distribution of 
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energy in the two stages. Then the heat transformed into work in 
the nozzles of the first stage is ebed. Of this a certain fraction is 
retransformed into heat and passed on to the second stage, this heat 
being represented by the area dhjk, of which dhif is retransformed 
into work in the second stage, and the total quantity of heat trans- 
formed into work in both stages is gbcdhi. It will be seen that as 
the total heat drop increases, the proportion of the heat supplied 
which is transformed into work, also increases, so that the quantity 
dhif becomes a larger and larger proportion of dhjk, as the total heat 
drop increases. The extra amount of heat added per stage is there- 
fore proportional to the total heat drop. By increasing the number 
of stages to four, we will get the condition of affairs shown in Fig. 5, 
in which the shaded areas are added as well as the areas already added 


in Fig. 4. Hence we must introduce the factor = W : in obtaining the 


value of K. The amount of heat added to the steam entering the 
second stage by the inefficiency of the first stage is of course propor- 
tional to one minus the efficiency of that stage; hence we have the fac- 
tor1—£#. Finally the factor 0.00056 is obtained by trial and adjust- 
ment. 

Fig. 6 shows why the method is not exact when applied to super- 
heated steam. It might be made exact by introducing a factor whose 
value would depend upon the degree of superheat of the steam, but 
this introduces a complication, which destroys the simplicity of the 
method, and which is therefore objectionable. Rather than compli- 
cate the method, we may calculate the heat drops in the several 
stages as in Table 5, take their average, and employ that as the heat 
drop per stage. The average of the actual heat drops is 60.4. The 
computation of the proper pressures for each stage may be made 
accordingly. 
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SOME PROBLEMS OF THE CEMENT INDUSTRY 


By Water S. Lanpis, PUBLISHED IN THE JOURNAL FOR APRIL 


ABSTRACT OF PAPER 


Progress and improvement in the cement industry has and will resolve 
itself into the development of the plant as against the process. The chief 
features of interest in this plant deveiopment are the question of size of first 
crushing unit, the fineness of grinding of the raw materials before entering 
the kiln, the gradual displacement of the wet process by the dry one, better 
utilization of the fuel in the clinkering of the raw material, and the abandon- 
ment of the air separator. The older mills must be remodelled along the 
lines of more economical power distribution and labor requirements to 
compete successfully with the modern mills, now that profits in cement 
manufacture have dropped so low. 


THE EDISON ROLL CRUSHERS 
By W. H. Mason, PuBuisHep In THE JOURNAL FOR APRIL 
ABSTRACT OF PAPER 


The causes leading to the design of the Edison crushing rolls are outlined and 
a comparison made of the energy of coal as compared with that of dynamite 
in breaking up stone in the quarry, with a description of the method of 
quarrying now employed in conjunction with Edison roll crushers. These 
rolls store up kinetic energy for use in crushing and sledging large stones and 
a comparison is made in this connection of rolls of various sizes. The power 
required for crushing by this method is shown by tachometer records, from 
which speed, energy and horsepower curves are plotted. Records are given 
covering a period of two years of the time lost and the cost of repairs on the 
crushing plant at the Edison Portland Cement Company. Comparisons are 
made between the theoretical capacity of these rolls and the actual capacity 
as shown by tests. Both of these are enormously greater than for the gyratory 
- crushers and in addition, the larger size of the stones which can be handled by 
the rolls greatly simplifies and cheapens the quarrying operation. The crush- 
ing plant of the Tomkins Cove Stone Company which has a capacity of 
1000 tons an hour, is described. 


Presented at the Spring Meeting, Pittsburgh, 1911, of Tae Amprican 
Soctery oF MmpcHanicaL Enatneers. All discussion is subject to revision. 
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POWER AND HEAT DISTRIBUTION IN CEMENT MILLS 


By L. L. Grirritus, PuBLisHED IN THE JOURNAL FOR JUNE 


ABSTRACT OF PAPER 


This paper compares the methods used and the results obtained in five 
different cement plants for converting the thermal power of the fuel into 
productive mechanical work. A brief description is given, both of the power 
installation and of the mill arrangement; and the relative efficiencies of differ 
ent raw materials, types of grinding machinery and engineering arrangements 
are considered. The data are such as to enable comparisons to be made 
between the same types of machinery, and in most cases, the same size and 
make of machinery, at least in individual departments, if not throughout the 
entire plant. 


DISCUSSION 


H. StrucKMANN (written). In Par. 26, Professor Landis calls at- 
tention to the value of using the heat from the discharged clinker, 
stating that this practice has proved unsatisfactory in this country. 
The writer wants to add his testimony that utilizing the heat in the 
discharged clinker is of the greatest value for preheating the air neces- 
sary for combustion. In Europe when the first rotary kilns were 
installed, the heat was pulled by exhausters from the underlying rotary 
cooler and blown into the kiln mounted above it. Considerable 
difficulty was experienced in handling the large volume of air at the 
temperature at which it was received from the cooler. 

The modern installations are now practically all using a process 
by which fans are blowing the necessary amount of cold air into the 
cooler, which is virtually put under pressure. This air, after having 
absorbed the heat from the clinker, is delivered through air ducts, 
entering the kiln on both sides of the hood, at a temperature as high 
as 1000 deg. fahr. The advantage of this installation is very evident, 
since the cold air handled by the fans is a very much smaller volume 
than the heated air. The heat available in the clinker is not only 
sufficient to furnish the necessary air for combustion, preheated to a 
temperature of 1000 deg. fahr., but also to dry the coal preparatory 
to the grinding process, resulting in a large saving of fuel. 

The statements which Professor Landis makes about the wet process 
are not borne out by experience with the most modern wet installa- 
tions in Europe. The explanation in Pars. 17 and 18 indicates that 
Professor Landis is comparing the old-style shori-kiln installation, 
where the material was dried before it was ground, with a modern 
dry-process installation with long kilns. Such a comparison is hardly 
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fair to the modern wet plants now being designed and operated in 
Europe. There is no question but that a 60-ft. kiln burning wet is 
an extremely wasteful proposition, but with the development of the 
long kiln the situation has been entirely changed. 

It has been conclusively proved that grinding the raw material in 
wet condition with proper machinery reduces the horsepower from 30 
to 40 per cent, besides increasing the fineness very materially and 
entirely eliminating the mill dust problem, which deserves a good deal 
of attention. 

If we combine the drying and burning in one rotary, we would have 
a kiln about 185 ft. long, basing the figures on a 60-ft. dryer and 125- 
ft. kiln, the two sizes now most generally used. 

As a general rule in comparing the wet and dry processes, only the 
125-ft. dry kiln is compared with the same size wet kiln, no attention 
being paid to the fact that the dry kiln requires an additional 60-ft. 
roiary to take care of the drying of the material. Of course as a 
result greater economy is apparently effected on the dry process. 
If, however, we compared the burning unit of the dry process with 
the corresponding burning unit of the wet process, the result would 
be entirely different. 

The writer has made a number of experiments in order to ascertain 
how many feet of the kiln are required to evaporate the 30 per cent of 
water contained in the slurry, as it is being fed to the modern wet 
kiln, and finds that approximately 35 to 40 ft. is all that is necessary 
to put the material in virtually the same condition as when being fed 
to the dry kiln. If we deduct this 35 to 40 ft. from the wet 185-ft. 
kiln, we have a larger kiln with a resulting larger output and lower 
fuel consumption. 

There are quite a few plants in this country today which would 
turn out a much more superior and reliable cement under the wet 
than the dry process, because in handling the slurry a perfect mixture 
is obtained. While this would not be the case with the Lehigh 
Valley plants, where a natural cement mixture is found, judgment 
ought scarcely to be passed on a process based on the condition of 
one small part of acountry. There are a number of plants in the West 
in which the raw material in natural condition contains from 10 to 20 
per cent of moisture, requiring a large amount of heat to evaporate, 
and considering all these facts, the writer fails to see why the wet 
processes should be eliminated entirely in the investigation of a cement 
proposition. 


Professor Landis failed to touch on one subject in connection with 
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the wet process, namely wet grinding, and the laboratory tests given 
in Table 5 may be of some interest. In carrying out these tests the 
raw material was prepared to a fineness ranging between 20 and 30 
mesh sieve and 1500 grams were used as a charge in a laboratory mill. 
Ten separate tests were run, each lasting 55 min. The first test 
was run with dry material and afterward various percentages of water 
were added, as indicated in the test. 

From these tests it is clearly demonstrated that from 30 to 32 per 
cent of water gives the greatest efficiency in grinding the material. 
With the increased fineness made possible by the wet grinding process, 
a great deal of fuel is saved. In some of the plants with which the 
writer is connected, natural gas is used for fuel and each kiln is equipped 


TABLE 5 LABORATORY TESTS ON WET GRINDING 


Test Number Per Cent H:0 100-Mesh 200-Mesh 


with separate gas meters, giving a complete record of the amount 
of fuel used in each kiln. Experiments carried on for long periods 
with a varying fineness of the raw material showed an average of 56 
cu. ft. of gas for each per cent of greater fineness between 88 and 96 
per cent through the 100-mesh sieve. In other words, each percent- 
age of finer raw material effected a saving of about 47,000 B.t.u. per 
bbl. of clinker produced. Besides this saving in fuel, it was found 
that the capacity of the kilns, which were 7 ft. 6 in. by 125 ft., was 
greatly increased, the output per 24 hours being as follows: 


88.5 per cent fineness . per day 
90.0 per cent fineness . per day 
92.5 per cent fineness . per day 
94.0 per cent fineness . per day 
96.0 per cent fineness . per day 
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In view of these facts it is a question whether the wet process as ii is 
developed today does not represent the mosi scientific method of 
producing Portland cement, where the raw maierials are more or 
less mixed and contain a large percentage of moisture in natural 
condition. 


P. C. Van Zanpt (written). The crushing of rock is probably 
one of the most ancient human industries, and the course of iis pro- 
gress from a crude process into one worthy of scientific regard is 
inieresting and instructive. 

In Par. 9, Mr. Mason states that before Mr. Edison constructed his 
giant rolls the largest rolls in use were those known as Cornish rolls, 
which were geared together. These rolls were also built at that 
time for separate belt drives without being geared together, but, with 
only one or two exceptions for use on rock, the roll shells were smooth- 


Angie of 


Fic. 17. ANGLE or Nip oN SmootH Ro.uuis 


faced. Rolls for crushing coa] were then built as they are now with 
spikes or projections and, as far as the writer can remember, coal 
rolls were hardly ever built smooth-faced, nor rolls for use on rock 
other than smooth-faced. 

In the crushing of rock the angle of nip as shown in Fig. 17 deier- 
mined the largest piece of rock that could be fed to a set of smooth rolls, 
while no such limitation existed in the crushing of coal with spiked 
rolls, which automatically broke the large pieces of coal into fragments 
small enough to be nipped. Mr. Edison’s rolls, like his rotary kiln, 
were unquestionably very much larger than anything in use at that 
iime and he alone seems to have foreseen the direction of growth of 
ihe industry. The comparison of the kinetic energy stored in the 
rolls in use at that time and in the rolls built by him shows the mag- 
nitude of his step, while other builders of these machines were merely 
creeping along from one size to the next. 
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Mr. Mason’s comparison of the maximum size of rock fed to a 
gyratory crusher and to a set of rolls is slightly unfair to the former 
machine. The largest gyratory crusher built at the present time has 
two openings 48 in. wide by approximately 9 ft. long, this opening 
being on a curve somewhat the shape of the letter C. The writer 
has seen a piece of rock fed to a gyratory crusher of the 42-in. size 
whose dimensions were approximately 3 ft. by 5 ft. by 9 ft., this rock 
being dropped end down and going through the machine as though 
it were being eaten up. The writer is further of the opinion that the 
maximum sized piece fed to a set of 6 ft. by 7 ft. rolls would have to 
be more nearly 7 ft. in diameter than a 7 ft. cube and of spherical 
shape, to have it turned over by the rolls and new surfaces presented 
for crushing. However, in the writer’s opinion such a set of 6 ft. 
by 7 ft. crushing rolls, will take a larger piece of rock for crushing 
than any other machine in existence in the world today. 

In Par. 11, Mr. Mason describes the jiggling onto the car or skip 
by the steam shovel operators of a piece of rock too large to go from 
the teeth of the dipper through the dipper itself. The writer has 
seen this done a great many times and judges that in some quarries 
it is rather difficult to prevent. The limit of size of rock that can be 
economically handled, and there must be a limit somewhere, is in the 
writer’s opinion, the biggest piece that can be handled through the 
dipper. The steam shovel operators like to make a showing for ton- 
nage and efficiency in the quarry by sending up to the crusher as large 
pieces as they can handle. Occasionally a piece which is too big 
for the hopper of a set of rolls or a gyratory crusher is sent up, which 
has to be broken or blasted or returned, causing considerable delay 
at the crusher, which together with the expense represents a larger 
cost than the breaking of a dozen of these pieces in the quarry. 
Damage to the quarry cars or skips caused by dropping these big 
pieces of rock is also troublesome. The kinetic energy in the piece 
of rock striking the car compares favorably with that in the crushing 
rolls, when in one case the cars are smashed and in the other the rock. 
By comparison a large piece of rock handled through the dipper can 
be laid in the car very gently. 

The writer has examined the tachometer record of test K very care- 
fully and does not understand why these records which show the drop 
in speed of the two rolls so clearly, do not distinguish between the 
slugging and crushing action. It may be that Mr. Mason has other 
charts which do show this, and it would be interesting to have his 
opinion regarding the crushing action of these large rolls upon large 
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pieces of rock. A piece, perhaps the size of a roll top desk, is dropped 
into the rolls and is first subjected to what may be called a slugging 
action, in which it is tossed around in the hopper, the corners broken 
off, and finally shattered into pieces small enough to be caught within 
the angle of nip of the rolls. The second or crushing operation then 
takes place and the rock caught in the angle of nip is immediately 
carried through the rolls and crushed by pressure to a size sufficiently 
small to pass the available space between the rolls. 

It would seem that the maximum tendency to vary the speed of 
one roll in relation to the other would exist in the slugging action, when 
first one and then the other roll strikes a large piece of rock; while in 
the crushing action, as Mr. Mason states in Par. 17, the action of the 
stone in passing between the rolls would tend to gear the rolls together, 
in other words, to cause them to rotate at the same speed. The curves 
plotted from the tachometer charts show an almost simultaneous 
drop in speed during the slugging action, with a difference in time 
of a small fraction of a second, while the recovery of speed in the two 
rolls, probably after the bulk of the crushing action has taken place, 
shows a much greater difference in speed, the curve giving apparently 
the reverse of what the writer would suppose the action to be. 

In‘Par. 21, Mr. Mason gives the cost of repairs per tor of rock 
crushed, which the writer thinks is very good. He has seen records 
of lower costs of repairs on gyratory crushers, but as a partial offset, 
it must be remembered that they will not take pieces of rock so large. 
The horsepower required in the rolls per ton of rock crushed is also 
greater than the gyratory crushers, but the same partially offsetting 
advantage also applies here. 

The questions raised in Professor Landis’ article, Par. 12, namely, 
how much doesit cost in investment, interest, repairs, depreciation, etc., 
in a rock-crushing plant to provide means for crushing the few larger 
pieces of rock that come to the crusher in the course of aday’soperation, 
and does the saving affected more than offset the additional cost, 
must be answered for each individual case, depending upon the cost 
of installation, location, the desired capacity, the kind of rock and the 
use to which the rock is put when crushed. We must reach a limit, 
where Mr. Soper’s law of pivotal points or decreasing returns will 
apply, and in the writer’s opinion, this place has been reached and in 
some cases passed, with equipment in existence today. There are 
probably a few isolated places where still larger crushers could be 
used to advantage, but he considers them very few in comparison 
with those where the larger crushers could not be so employed. 





1030 SYMPOSIUM ON CEMENT MANUFACTURE 


In Par. 23, Mr. Mason refers to the crushing strains being taken up 
internally because the rolls act as an anvil. As a matter of fact, the 
enormous crushing strains do not reach the bearing or frame without 
being greatly absorbed, since if this were not the case neither would 
withstand the strains that would come upon it. It is a question, 
however, whether the gyroscopic action of these enormously heavy, 
rapidly revolving rolls does not do a great deal more to absorb the 
crushing strains than the inertia due to the weight of the rolls 
themselves, irrespective of the rotation. 

In Par. 27, Mr. Mason estimates the capacity of the rolls at 
55,000 tons per hour, if a solid stream of crushed rock were de- 
livered from the rolls. His method of calculation is practically the 
same as that used in obtaining the capacity of smaller smooth-facec 
rolls. In his computation the writer has assumed that these smaller 
rolls were filled with soft plastic clay which would pass between 
the rolls with no voids, and he has figured the contents of the 
ribbon of clay that would be wound through the rolls in a minute 
or an hour in cubic feet. For rock he has assumed that a certain 
proportion based on actual practice of this theoretical cub‘c feet 
content would be voids, and that the balance would be crushed 
rock, weighing 100 lb. per cu. ft. Thus for the problem in hand, 
Mr. Mason states that 18,306 cu. ft. would pass the rolls in one 
minute. Assuming nine-tenths to be voids and one-tenth rock, as 
would be the maximum in rolls of this character in normal operation, 
1830 cu. ft. of rock would actually pass the rolls, which at 100 |b. 
per cu. ft., would be 913 tons per minute, or 5490 tons per hour. 

In Par. 28, Mr. Mason describes a means of cutting off the cur- 
rent from the motor driving the rolls to avoid the peak loads. I 
do not exactly understand how this operates, assuming the motor 
to be an induction motor, as the current consumed by an induc- 
tion motor varies inversely in speed, that is, the slower the speed, 
the greater the current consumed and the power output. Thus, 
assuming that the motor was not disconnected, the rolls would not 
be slowed down as much in the crushing action, on account of the 
power supplied by the motor, as if the motor were disconnected 
during the crushing action. After the crushing had been accom- 
plished, therefore, in the case of disconnecting the motor when the 
current was turned on again, the motor and rolls would be rotating 
at a ‘slower speed than if the motor was not disconnected, and the 
peak load of current used would be greater until the rolls had been 
brought up to speed again. 
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Professor Landis’ paper gives the impression that mechanical 
engineers engaged in the cement industry have not done so much 
toward developing this industry to the highest possible state of 
efficiency as they should, or as engineers engaged in other in- 
dustries have done during the same period of time. Thus the 
figures given in Par. 26 of 16 lb. of coal required theoretically to 
burn a barrel of clinker, as opposed to 90 lb. of coal actually used, 
seem especially bad; but upon considering what these figures mean, 
and comparing them with the efficiency in the use of coal in railway 
locomotives, steam power plants, etc., they appear on the contrary 
to be exceptionally good. For example: a locomotive burning 4 
lb. of coal per h.p-hr. at 12,000 B.t.u. per lb., uses 48,000 B.t.u. per 
h.p-hr., while theoretically it should have used approximately 2540 
B.t.u.; or where 90 lb. of coal was burned, theoretically the combus- 
tion should have been 4% Ib. 

Making the comparison with a gas engine, using 1 lb. of coal per 
ih.p. at the same heat value, 12,000 B.t.u. is used, where 2540 
should have been used; or where 90 lb. of coal is consumed less than 
20 lb. should have been used. When the actual amount of fuel con- 
sumed in locomotives and in stationary power plants is compared 
with that used in the cement industry, the waste by comparison is 
very much greater in these other industries and the cement engineer 
as well as the cement chemist, should be congratulated upon making 
so excellent a showing in comparison with the development of econo- 
mies in other industries during the same period of time. Greater fuel 
economies are desirable in the cement industry and I think every- 
one is working towards this end. Engineers engaged in other indus- 
tries can unquestionably make themselves valuable, by pointing out 
methods of economy that have been developed in their own line, 
with all the details of which those engaged exclusively in the cement 
industry may not be familiar. The freer the interchange of ideas 
between engineers engaged in one industry and those engaged in 
another, the better for both. For example, the question of dust 
collecting in the cement industry is more or less in its elementary 
stages, while in the smelting of precious ores it has been carried to a 
fine point and there are ample data and plenty of examples available. 

The point made in Par. 12 of Professor Landis’ paper, has already 
been referred to. Every plant manufacturing cement from rock has 
a crushing plant in connection with it that is very similar to a great 
number of commercial crushing plants in existence in this country and 
the problems are the same in both as regards the size of the largest 
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crusher. There is no question but that it can be overdone, but this 
does not seem the tendency in the cement industry. Thereseem to be 
very few cement plants that can afford to use a smaller crusher than 
a No. 18 gyratory with two 36 in. by 8 ft. receiving openings, and 
unless the rock is mined or quarried by the gloryhole process, or lies 
in ledges so thin that it is blasted into very small pieces, no cement 
plant should have a crusher smaller than a No. 12, having two open- 
ings, 27 in. wide. While it may be true that only a few pieces of 
rock will come from the quarry more than 36 in. across, it is equally 
true that a great many are only a little smaller than this. 

In Par. 13 Professor Landis states: “It is only recently that 
attempts have been made to utilize the hot gases from the kilns to 
perform the drying of the mix.”’ Professor Landis would seem to be 
mistaken, as several installations made eight or ten years ago are 
recalled by the writer, as well as a number made at various intervals 
since then, and he believes this has been tried a number of times in 
Germany; while he does not know of any recently made and working 
with great success. The difficulty is not all in the drying of the rock, 
as in many cases this can be done easily, but in the hampering of the 
kiln in its primary function of producing Portland cement. Any 
attempts to save waste heat that hamper the kiln in this function are 
ultimately a detriment. This has been the greatest drawback to the 
utilization of the waste gases. Another thing that must not be 
overlooked is the fact that these waste gases are absolutely inert and 
do not contain any burnable gases. The only heat value they possess 
is that due to their temperature alone, and they put out any auxiliary 
fire with which they may come in contact since they consist of a very 
great percentage of CO, and N. It would be interesting to know 
more of the details of the recent installations referred to by Professor 
Landis in Par. 13, as the writer believes that a way will be discov- 
ered eventually to utilize the waste gases, which carry away most of 
the heat now lost, without hampering the kiln. 

Par. 16 deals with the value of the impalpable powder produced 
by the grinding machines and the loss of this powder occasioned by 
air separation. Both air separation and fine screening can be 
carried too far, but either are advantageous up to a certain point, 
since by taking out a certain portion of this impalpable powder from 
a grinding machine, it prevents the cushioning of the blow of the grind- 
ing parts which results when the machine is largely filled with this 
fine powder and prevents the grinding of the coarser particles. 

Par. 17 relates to the wet process. Unquestionably a great deal 
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can be learned regarding the efficient use of this process from Germany, 
since wonderful strides have been made there in the past few years. 
It is considered at present by some of the eminent engineers to be 
better than the dry process. While this may be true in Germany, 
however, this country has made such wonderful strides in the de- 
velopment of the dry process, that it is the full equivalent of and 
probably a little superior to the modern wet process in Germany. 

In Par. 18, Professor Landis refers to 50 or 100 per cent of water in 
a mass of ground material in the wet process. In Germany at the 
present time what the thick slurry process is called is running on as 
little as 25 per cent or less of water. 

As regards storage, discussed in Par. 20, the question of shutting 
down everything but the rotary kilns in a cement mill over Sunday, 
in order to establish better conditions for the workmen, is just 
arising. It is becoming more and more difficult to get good operators 
to work seven days a week all through the season and I believe shut- 
ing down the mill on Sundays will ease the labor situation, as well 
as permit such repairs as are required to be made during the busy 
season, without loss in time to the kiln. 

Par. 22 states that in size these kilns vary from 60 ft. long and 5 ft. 
in diameter up to 240 ft. long and 12 ft.in diameter. There are kilns 
in use varying from one size to the other, but the modern cement 
plant does not install a kiln smaller than 125 ft. by 8 ft., and 150 ft. 
by 10 ft. would seem to be very much nearer the standard size kiln 
that will be installed in the next year or so. Kilns smaller than these 
are now considered obsolete. 

In Par. 23 the sizes of kiln stacks are discussed. At least two of the 
better manufacturers of kilns have now carefully established sizes of 
kiln stacks and all kilns of any given size have the same size stack, 
which is properly adapted to the kiln with such minor modifications 
as might become necessary, depending upon the location of the plant, 
either in a valley between two hills or upon an open plain. 

In Par. 26 reference is made to the saving in heat in the rotary 
kiln by regeneration in an undercooler. The installation of a rotary 
cooler immediately under the kiln is an ideal one where it can be made. 
The writer has, however, been unable to figure out a greater fuel 
saving than approximately 5 per cent, the amount actually borne out 
in practice. 

Regarding the saving in heat lost by radiation from the kiln shells, 
without questioning its desirability the writer has found heretofore 
that the extra investment required to conserve the small amount of 
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heat that can be saved is too great to warrant going very far in this 
direction, unless the investors are satisfied with a return approximat- 
ing 7 per cent or less upon the money invested. A great many people 
have suggested putting a covering on a rotary kiln outside the steel 
shell. This cannot be done, since in order to prevent the steel from 
becoming overheated and thereby weakened, the heat communicated 
to it from the brick lining must be radiated. The only place where 
insulating material can be put is inside the shell. This applies, 
of course, to the hot end only and this is the only part of the kiln 
shells where excessive radiation takes place. As a matter of fact, 
the question of diminishing the returns upon the investment is 
really what prevents the installation of a great many of the so-called 
economies. 

The cement business cannot be conducted upon a very narrow 
margin at the present time on account of the fluctuation of the price. 
Suppose a cement plant has $1,000,000 invested in it, is earning 20 
per cent during good seasons, and the investment of $500,000 more 
would result in the earning of 7 per cent upon the extra investment. 
The earning upon the entire investment would then be 153 per cent, 
and this extra investment therefore appears undesirable in an indus- 
try where the earnings may be decreased 15 per cent by a single cut 
in the price. 

In Par. 32 it is stated that the Lehigh region is producing cement as 
cheaply as any district in the country and cement manufacturers 
have to strive hard to cut the total cost at the mill below $0.55 to $0.60 
per bbl. In spite of the natural advantages in the Lehigh Valley, 
the average mill cost is not believed to be so low as in some other 
districts. There are mill costs running under the figures named, 
but there seems to be no standard method of calculating the mill 
costs. Furthermore, the publishing of these mill costs, which are 
very much lower than the ultimate cost is not fair to the industry, 
since cement sold at $0.80 per bbl., for example, would seem in con- 
sequence to carry a good profit. There are very few plants in this 
country at the present time that can afford to sell cement continu- 
ously for $0.80 per bbl. at the mill. The depreciation of the equip- 
ment due to the rapid strides in the industry is an item that seldom 
shows up correctly upon the cost sheet.. 

Cement manufacturers are more liberal with the interchange of 
data among themselves, both as regards costs and details of opera- 
tion, than any other industry. To that fact alone, is due the rapid 
development and improvement in an industry which has placed the 
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United States in the front rank of all countries producing Portland 
cement, while 15 or 20 years ago it was behind all the great Portland 
cement producing countries of Europe. 


ORAL DISCUSSION 


FRANK B. GruBRetH asked if the setting of cement could be delayed 
in any way without injury. It would be very helpful in connection 
with building construction to be able to add to the mixture at the 
time it is mixed wet, something that will keep it from setting for four 
or five hours without injury. 


R. K. Meape! replied that several materials can be added for this 
purpose, of which gypsum is one of the best. Engineers would proba- 
bly have to use it in the form of plaster of paris. Great care should 
be exercised in adding it and the amount to be employed would have 
to be determined in each case by experiment. Up to a certain per- 
centage plaster slows the set of cement, but after this it has the effect 
of quickening it. 

Cement clinker’as it comes from the kiln will set almost immediately. 
In the manufacture of Portland cement gypsum is added to delay the 


setting, but if too much is used the cement will set as quickly as if 
none had been added. Hydrated lime could also be used, but a 
larger percentage would be necessary, perhaps even as high as 8 
or 10 per cent. Calcium chloride can be used, about the same 
quantity of this as of plaster being required. Sugar added in small 
quantities would delay the set also, but this is said to be injurious. 


W. R. Dunn, in reply to a question, said that the waste heat from 
the rotary kilns had been used in several cases to heat water for 
boilers, but that it was more frequently employed to dry raw material. 

Mr. Dunn stated that the loss of cement dust from the stacks of 
the rotary kilns could be largely but not entirely prevented by the 
use of large dust catchers at the end of the kilns. His practice showed 
this loss to be in the neighborhood of 2 per cent and at times as lowas 
1 per cent. 


H. SrRUCKMANN said that experiments had shown that from 5 to 
7 per cent of the material was lost through the stacks, and that it had 
become necessary to prevent this loss, especially where the cement 


‘General Manager, Tidewater Portland Cement Co., Baltimore, Md. 
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plants are located in thickly populated districts. A solution of the 
difficulty was to be found in the adoption of the wet process. He had 
never seen a plant employing the wet process discharge as much dust 
from its stacks as the average dry plant. 

The problem of making a plant operate under the wet system as 
efficiently as the dry plants is comparatively simple, and the dust 
nuisance is here practically eliminated. 

The small amount of dust lost in the wet process can be reduced 
to a minimum by employing proper methods for injecting the slurry 
into the kiln. At the present time the slurry is delivered to the kiln 
in a solid stream, permitting the escaping gases to carry part of the 
raw material, from which the water has been driven off, with it. If 
spray nozzles are used, similar to the method used for injecting water 
into jet condensers, the gases on their way to the stack would pass 
this spray of slurry, which would arrest the dust and very materially 
lower the temperature of the waste- gases, consequently increasing 
the efficiency of the kiln. 


R. K. Mave agreed that a spray nozzle would increase the effici- 
ency greatly, but he thought it would increase the loss of dust. 


He believed that more careful attention to the design of kilns and 
stacks would help to eliminate dust with the dry process. The 
opening from the kiln to the stack is often made too small, and the 
velocity of the gas is thereby greatly increased just at the point where 
the raw material is admitted. With lower velocity of gas at this 
point and larger dust chambers at the base of the stacks, much less 
would be lost than is now the case. The discharge of the raw material 
near the bottom of the kiln instead of at the middle should tend to 
reduce this loss also. 


C. J. Remuy! stated that he had been connected with both the 
wet and the dry processes for a number of years, and agreed that the 
material does not become dry within 15 ft. of the point where it is 
admitted to the kiln. In the case of one of his plants, located next 
to a factory where newly varnished furniture was placed close to the 
windows, it became necessary to eliminate the dust nuisance entirely. 
After trying many other methods, the problem was solved by putting 
an ordinary cactus spray into the stack and using a small quantity 
of water under ordinary pressure. As the gases pass through the 


1Supt., Sandusky Portland Cement Co., Syracuse, Ind. 
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spray, the dust is caught and taken to the bottom of the stack as 
sediment. This method has entirely eliminated the emission of dust 
from the stacks and the consequent loss of finely ground raw material. 


G. P. Hemstrreet thought that the inference might be drawn 
from the paper by Mr. Griffiths that the shaft and wheel drive was to 
be preferred for a cement plant, or for any similar process which might 
ye described as a chain process, that is, where the material starts 
at one end and goes through a series of machines, a stoppage of any 
one of which would hinder the entire process. 

About two years ago he was about to design a large stone-crushing 
plant, and had under consideration both the shaft-driven and the 
electrically-driven plant. In his visits to a number of cement and 
stone-crushing plants and installations of coal-handling machinery, 
he found quite a difference of opinion regarding the relative merits 
of the two types. The majority of the men in charge of these plants, 
however, favored the electrically-driven plant, while Mr. Griffiths 
seemed to believe that this type is not as efficient on the B.t.u. basis 
as the belt or rope-driven plant. 

In a chain process there are other things to consider besides the 
actual operating efficiency. For example, on a large line-shaft several 
feet long, containing a number of clutches, pulleys and rope drives, 
any trouble with one of the drives will necessitate the stopping of the 
entire shaft or the throwing out of a large clutch. The speaker 
mentioned the many difficulties experienced with clutches, and 
and asked the experience of others present regarding the value of 
such installations as compared with electrically-driven plants. 


F. L. ScowEncx stated that the manufacture of Portland cement 
from blast furnace slag had become quite prevalent in Europe, and 
asked whether American engineers regarded this as equal to Portland 
cement made from other materials. 


Ws. M. Kinney! replied that two kinds of cement were being manu- 
factured from granulated blast-furnace slag. One, Puzzolan, or so- 
called slag cement, which is a mixture of granulated blast-furnace 
slag and slaked lime; the other, a true Portland cement, in the manu- 
facture of which a definite proportion of granulated blast-furnace 
slag and limestone is first finely pulverized, then burned at a high 


‘Asst. Inspe. Engr. Univer ement Co., Pittsburgh, Pa. 
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temperature (close to 3000 deg.) in rotary kilns. The resultant 
hard clinker is ground to powder. The process of manufacturing 
Portland cement from slag and limestone is identical with that manu- 
factured from natural deposits. 

Over 7,000,000 bbl. of Portland cement manufactured from blast- 
furnace slag and limestone were used in the United States last year, 
being more than 9 per cent of the entire Portland cement output of 
this country. This material in every way fulfils the standard speci- 
fications for Portland cement of the American Society for Testing 
Materials and those given in professional paper No. 28 of the United 
States Army Engineers. 


W.S. Lanpis asked whether the power required for grinding wet, 
plus that required to pump the mixture, plus that required to stir 
it up in the agitator, is equal to the power required for dry grinding. 


H. SrrucKMANN in reply said that a number of tests had shown an 
average saving of from 30 to 35 per cent in power by grinding wet, 
besides a much better fineness of the material. 

A great many plants in the West use shale, wet clay or chalky lime- 
stone for raw material, containing from 15 to 20 per cent of moisture 
in the natural condition. To drive off this moisture preparatory to 
grinding the material dry requires as high as 300,000 B.t.u. per bbl. 
In such cases there is no question but the wet process is the more 
economical, provided the kilns are long enough to take care of the 
burning as well as the drying process in one operation. 

The relative merits of the wet and dry process may be illustrated 
by the development which has recently taken place in Europe, 
when practice has been directed towards fuel economy, the most 
important item in the cost, and where the gradual gain of the wet 
process would indicate its merits. 


C. J. Reruy referred to the statement in the paper by Professor 
Landis regarding the abandonment of the air separator in grinding 
raw materials, agreeing that the old method of separating by air is 
obsolete and worthless for the purpose there intended, but citing 
a case in which he had found a new method quite useful. In grinding 
a hard Trenton rock and silicious clay so that 92 to 94 per cent passed 
a 200-mesh sieve, it was found impossible in the ordinary way by 
using screens to get the output with a reasonable amount of power. 
An experimental plant was installed, and air separation tried in con- 
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nection with a standard mill, with the result that the grinding was 
found to be as good as on any modern mill, although the power con- 
sumption was 35 per cent less than has yet been accomplished in the 
cement industry. The new method has improved the quality of the 
material over that coming from the tube mills, this new device being 
applied to the Fuller mills and entirely eliminating the tube mills 
formerly used for the purpose. 


W. B. Ruaeues said that he had recently designed a 3000-bbl. 
mill in which all the materials were separated by air. Ten Raymond 
mills were installed and gave a product of 96 per cent through a 100- 
mesh sieve and 91 per cent through a 200-mesh sieve. The cost of 
quarrying, transporting the materials through the mill on an aerial 
tramway, crushing, storing, removing from storage, drying, grinding 
with Williams mills, pulverizing with Raymond mills, and delivering 
to the bins of the rotary kilns is $0.71 cents per ton. 


W. R. Dunn announced that a committee had recently been formed 
at a meeting in New York City to conduct investigations, compile 
reports, secure professional papers, and conduct meetings in the 
interests of the cement industry, under the auspices of The American 
Society of Mechanical Engineers. This committee would later be 
completed by the addition of representatives of each of the important 
cement-producing districts in the United States and Canada, the best 
available man, whether a member of the Society or not, being selected 
in each case. The Association of American Portland Cement Manu- 
facturers and a large number of individuals and companies have 
expressed their willingness to codéperate in this work. Through the 
building of new plants and the rapid extension of old ones to the neglect 
of the technical side of the industry, this side of the question has not 
developed as rapidly as it should. Now that the output has caught 
up with the consumption, new plants will not be built so rapidly, and 
there will be opportunity to develop the present ones, so that it 
seems quite possible that a committee representing all parts of the 
country will be able to do very effective work along this line. 


KE. D. Meter, in behalf of the Society, assured the cement men 
present that the resources of the Society would be placed at the dis- 
posal of the industry through this committee, and that the Society 
would coéperate in every way possible. 
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CLOSURE! 


W.S. Lanois. The cement industry, like most others of similar 
widespread activity, does not permit of standardization, that is, a 
standard mill could not be designed to fit all conditions of raw ma- 
terial supply, and it is thus that the problem of the wet and the dry 
processes has arisen. In the Lehigh region with the supply of an 
almost homogeneous raw material, the dry process is used exclusively. 
In certain other districts of the country the raw material is of such 
irregular composition that some sort of receiver for adjustment of 
the mix seems almost a necessity and the wet or semi-wet process 
with its slurry tanks offers a solution. 

The precious metal industry has furnished us with abundant infor- 
mation on the advantages of wet crushing and grinding, and Mr. 
Struckman has given in his discussion of my paper data of direct 
application in confirmation of these facts, regarding fuel saving 
and fine grinding, which I consider to be the most valuable con- 
tribution to the industry in many years. 

Admitting now that a semi-wet process can operate with approxi- 
mately 35 per cent water and that the raw materials as received at 
the mill contain 5 to 10 per cent water, the question arises, is it 
most advantageous to dry this material and grind it, or to add 20 
to 30 per cent more water to it and then dry it in the kiln; or is the 
total cost of agitating, pumping and drying in the kiln less than 
that of advancing to the same stage of product in the dry mill, 
allowing of course for the difference in grinding power? An engineer 
recognizes as absurd the statement often made that the evaporation 
of the water in the kiln takes no fuel because the gases leaving the 
kiln are hot anyway. Any heat used in the kiln for drying could 
be employed just as advantageously in raising the temperature of 
the dry material as in evaporating water. I am sure that all 
would advocate the wet process did the raw material as it is taken 
from the ground contain the 30 to 35 per cent water demanded by 
the process, but where water is actually and intentionally added, 
a different phase is presented. And, to complicate the question 
still further, we must note that certain successful mills are receiving 
wet raw material, drying it completely, grinding, adding water and 
pumping to slurry tanks for further treatment, as in a true wet 
process. 


'The closures by Messrs. Mason and Griffiths will appear later.—EpiTor. 
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I think Mr. Van Zandt's comparison of fuel economy in the 
cement industry and in standard power practice is somewhat over- 
drawn. A good steam boiler will put 75 per cent of the heat value 
of the coal into steam. The steam engine on the other hand, trans- 
forms into work only about 20 per cent of the heat in the steam 
supplied, the difference, the latent heat of the condensation of the 
steam not being transformable into work in the steam engine. 
Thermodynamics teaches us that this latent heat of condensation, 
amounting to approximately 60 per cent of the calorific power of 
the coal burned under the boiler, will never be available to the 
steam engine, no matter to what stages engine cesign may be 
developed. If Mr. Van Zandt will leave out of the question this 
latent heat and examine the work of the mechanical engineer with 
respect to the transformation of the rest of the heat he will have a 
different comparison. . The latent heat (reaction heat) in the case 
of the cement kiln amounts to only 18 per cent* of “the calorific 
value of the coal burned. 

In the case of the gas engine, the comparison is more favorable. 
A good gas producer will put 85 to 92 per cent of the heat value of 
the coal burned into gas. The engineer has been too busy, however, 
perfecting an engine that will run to spend much time on the econom- 
ical side. I firmly believe that in the next ten years the efficiency 
of the gas engine and accessories will be very markedly raised. 

Mr. Van Zandt in discussing the use of the waste kiln gases for 
drying the mix has called attention to the failure of the system ad- 
vocated in the paper. As this question has been brought up so 
often and the failures have been so pronounced it demands attention. 
In the installations made years ago an ordinary dryer was connected 
in series with a kiln. The draft of the kiln was so hindered that 
fuel could not be burned at the desired rate and the output was 
thereby greatly reduced. What else could be expected where a 4-ft. 
dryer is connected to the end of an 8-ft. kiln (figures somewhat 
exaggerated), the drier being heavily loaded with rock dropping 
through the free space leaving no room for the great volume of kiln 
gases? The free space in the drier should be even larger than that 
in the kiln if the draft is to be preserved. Had a 10-ft drier of 
suitable length been used instead of the smaller one no trouble 
wouid have been experienced. There is such an installation of drier 
and kiln successfully working in the Lehigh region. 

Mr. Van Zandt’s reference to the fuel saving by the use of an 
undercooler opens up an interesting question. The simple under- 
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cooler costs, in many cases, less than the elaborate cooling towers so 
often erected to dispel the heat in the clinker to the surrounding 
atmosphere. Thus its use, even if it saves only 5 per cent (I have 
figured it out higher than this) of the fuel is worth consideration. 
Again, if the cost of the plant is a serious consideration, there is 
the alternative of doing away with either system and discharging 
the clinker directly from the kilns into a car fitted with a water 
spray. This will quickly dissipate the heat, slake the “free” lime 
and so avoid the necessity of aging, and consequently soften the 
clinker, saving an enormous amount of power in the finishing 
grinding. If properly handled the clinker can be made to dry 
itself. I have never quite understood why more general use of this 
scheme was not made. 





THE PRESSURE-TEMPERATURE RELATIONS 
OF SATURATED STEAM 


By Lionet 8S. Marks, PUBLISHED IN THE JOURNAL FOR May 
-ABSTRACT OF PAPER 


There has been great uncertainty as to the pressure-temperature relations 
of saturated steam in the range from 400 deg. fahr. to the critical temperature, 
owing to the considerable differences between the observations of different 
investigators. The new and authoritative work of Holborn and Baumann 
appears to have covered this range with great accuracy; their results are conse- 
quently presented to the Society. 

With this new material the pressure-temperature relations of saturated steam 
are established satisfactorily from 32 deg. fahr. up to the critical temperature. 
It is found that these relations can be expressed by an equation of simple form 
based upon the van der Waals equation of corresponding states. The values of 
the pressure derived from this equation have a maximum difference from the 
best experimental values of about 7/5 of one per cent in the range from 212 deg. 
fahr. to the critical temperature (706.1 deg. fahr.); below 212 deg. fahr. the 
maximum difference is 0.196 per cent at 50 deg. fahr. corresponding to a pres- 
sure difference of 0.00035 Ib. per sq. in. 


DISCUSSION 


W. D. Ennis. If in Fig. 2 the lengths of the approximately hori- 
zontal portions of the curves are measured, the following is obtained: 
at 704.1 deg. fahr., 13 squares; at 705.3 deg. fahr., 3 squares; at 
706.3 deg. fabr., 3 square. Since the critical temperature is that 
at which the horizontal portion becomes zero, the inference is justi- 
fied that that temperature is not far from 706 deg. The 706.1 deg. 
assumed in the final formula in Par. 19 has a sufficient basis, and the 
old value, 689 deg., is certainly too low. 

Professor Marks may perhaps be able to state from his examina- 
tion of the Holborn and Baumann research, whether the abscissae 
in Fig. 2 are volumes as well as times. If so, the lengths of the hori- 


Presented at the Spring Meeting, Pittsburgh, 1911, of Taz American Soct- 
ETY OF MECHANICAL ENGINEERS. 
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zontal portions of the curves should steadily decrease as the temper- 
ature increases. The measurements given indicate that they do not 
steadily decrease. 

The final equation for pressure-temperature is in a particularly 


useful form. Numerical values for the derivative oe may be 


obtained therefrom with a minimum of computation. In this respect 
the new formula is far superior to that of Thiesen or to the old equa- 
tions of the form 


log p=a—bd"—ce™ 


where n is a function of the temperature, or even to the Rankine 
equation in which log p is a function of the —1 and —2 powers of 
the temperature. The accuracy of the equation surpasses its con- 
venience, and within the most extreme range of power engineering 
the agreement with recent tabular values may be regarded asexact. 


R. C. H. Heck. Two years agothe writer compared variousdataas 
to the pressure of steam at high temperatures, and traced a curve 
which seemed to show the most probable trend of the true relation. 
On the appearance of the Holborn-Baumann determination a year 
later, the assumed curve was found to be well justified up to 1000 lb. 
pressure, or to 550 deg. fahr., which is about as far as there is any 
real use in attempting to extend the steam table. The whole com- 
parison, Fig. 6, seems worthy of a place in connection with Professor 
Marks’ paper. 

The only satisfactory way to handle such a discussion is to take 
a mathematical formula, the simpler the better, which follows the 
general trend of the experimental values, and plot the small depar- 
tures from that equation. Following Henning,! the formula of Thie- 
sen was used, with some modification. It is preferably written in 
the general form 


P_gt—t_ ple—O*— (te — t) 
Pa T az 

in which p, is the pressure of the atmosphere, ¢, the corresponding 
temperature, ¢, the critical temperature, taken as 365 deg. cent., 
or 689 deg. fahr., and 7’ is absolute temperature at ¢. The coefficient 
A is the same with either thermometric scale, but the centigrade 


value of B must be divided by 1.8* when changing to fahrenheit 
temperatures. 


log 


1 Annalen der Physik, 1997, vol. 22, pp. 609-630. 
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The original Thiesen coefficients were 


A =5.3807, B=0.508 X 10-* (0.87106 X10-*) ....... .[2] 
he writer found that by changing these to 


A =5.3807, B=0.540 X 10-* (0.92593 x 10-%)....... . .[3] 
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6 Comparison or Data ReLaTING TO THE PRESSURE OF STEAM AT 
Hicu TEMPERATURES 


an almost perfect agreement with the Holborn-Henning! determina- 
tion from 100 to 200 deg. cent. was secured, as appears in Table 5. 





Fic. 


‘Annalen der Physik, 1908, vol. 26, pp. 833-883. 
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In what follows, equation [1] with these constants will be called 
Formula A. 
As noted in the paper, Holborn and Baumann! used the values 


A =5.3867, B=0.5262X10-*................[4] 
and obtained excellent agreement with the experiments below 200 
deg. 


TABLE 5 TRIAL OF FORMULA A 


Pressure p, in Mm. of Mercury; Column HH, from Holborn-Henning Table; Column Form. by 
Formula 





Form. 





1074.53 
1489.00 
2025.71 
2709.67 
3568.77 








As a foundation for the comparison in Fig. 1, the first or principal 
term of the second member of Thiesen’s equation was used to calcu- 
late a reference pressure p’. The coefficient A was changed, by 
trial, with the purpose of keeping the range of data near to the refer- 
ence line, and was fixed at 5.52. From the formula 


—4 


P _ 5508: 
si 5.52 T 


were computed values of p’. Then at any temperature ¢ and pres- 


sure p, the ratio - is plotted to the scale at the bottom of Fig. 1; or, in 


effect, the difference, p—p’, is laid off as a fraction or percentage of 
p’, the latter just reaching to, or being represented by, the verti- 
cal line AA. Thus to plot differences as percentages makes the 
scheme of comparison equally sensitive over the whole range of tem- 
perature. The scale of p’ will give an approximate idea of the vari- 
ation of pressure with temperature, obviating the need of referring 
to some table when examining the diagram. Naturally, Formula 
A would have given a preferable reference line, but the work was 
largely completed before that formula was established. 


1Annalen der Physik, 1910, vol. 31,p. 945. 
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The various data are named on Fig. 1 in chronological order, and 
may be briefly described as follows: 

Battelli! fixed two sets of constants for the Biot formula (the one 
which Regnault preferred) 

log p= a +ba* +cp* 
These change at 250 deg. cent., but the plot shows that the two sec- 
tions decidedly fail of continuity. With the upper section are given 
the experimental points on which it was based. 

The Cailletet-Colardeau? measurements, from 225 deg. cent. up- 
ward, show a sudden jog of about 1.5 per cent near 250 deg., then 
proceed very regularly. With these points is traced a broken line 
from the high-temperature end of the Marks and Davis tables. 

The Ramsay-Young* experiments run only to 270 deg. cent., but 
are entirely consistent. In the fixing of the writer’s curve they were 
given predominant weight, as against any tendency to make the 
curve rise to the Cailletet-Colardeau plot. 

The experiments of Knipp‘ do not deserve a place among data 
worthy of serious consideration. 

A few observations reported from the original De Laval turbine 
works at Stockholm’ run below Formula A, or the extended HH 
curve. With these are given some points computed from the Roche 
formula (Regnault’s K), recommended by Moss® 


1 
logp —A ee 


Br 


where A, B and C are constanis and T is absolute temperature. This 
evidently runs low. 

The writer’s extended curve H was based upon the modified Thie- 
sen equation, Formula A. The latter gives the dotted curve marked 
HH. The character of the deflection was determined by adopting 


a smooth and gradually increasing departure of the derivative 1 
from the range of values computed by Formula A, then working back 


‘Memorie d. reale Accad. d. Scienze di Torino, 1891, vol. 41 and 1893, 
vol. 43. 

* Annales de Chimie et de Physique, 1892, series 6, vol. 25, pp. 519-534. 

*Phil. Trans. Roy. Soc., 1892, vol. 183A, pp. 107-130. 

*Physical Review, 1900, vol. 11, pp. 129-154. 

‘Engineering, 1907, vol. 83, p. 1. 

‘Physical Review, 1908, vol. 26, pp. 439-447. 
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to the primitive. The general idea was to parallel the trend of the CC 
points, and to aim at the middle of the group of B points near the 
critical temperature. 

The Holborn-Baumann experiments are plotted as points, and with 
them is drawn the curve of Marks’ adapted van der Waals equation, 
from Table 3, column 4. Of course, this last determination super- 
cedes all others, as a statement of scientific fact. The writer, having 
made out a smooth and consistent extension of the steam table up 
to 550 deg. fahr., is gratified to find that the absolute error at this 
upper limit of usefulness does not exceed 0.25 per cent. A difference 
of 1.25 per cent at the critical temperature and the raising of the 
latter by 17 deg. fahr. can be viewed with equanimity. 

It is of interest to note that Holborn and Baumann measured 
pressures with a weighted plunger. The earlier experiments were 
made with a closed mercury manometer; at very high pressures, 
the compression of the air above the mercury column becomes very 
much the major component, and the difficulty of precise determina- 
tion increases rapidly. 


THe Avutuor. The author is glad that Professors Ennis and 
Heck concur in his opinion that the pressure-temperature relations 
of saturated steam may now be regarded as practically settled for 
all purposes of the engineer by the investigations reported in this 
paper. It is now possible to eliminate from the steam tables one 
of the most considerable of the hitherto existing uncertainties. 

In reply to the question of Professor Ennis, the abscissae in Fig. 
2 do not accurately represent volumes. They represent times, and 
the times depend primarily upon the rate of leakage past the weighted 
plunger which was used for measuring pressures. It is not possible 
to base any quantitative deductions upon measurements of the ab- 
scissae of Fig. 2. 

It is interesting to see that the conclusions to which Professor 
Heck has come, as a result of his careful examination of the earlier 
investigations, are in such close accord with the latest investigations, 
and that they are a demonstration of the value of such analysis. 





RECIPROCATING BLAST-FURNACE 
BLOWING ENGINES 


By W. Trinxs, PusiisHep 1In THE JOURNAL FOR JULY 


ABSTRACT OF PAPER 


The causes for the gradual change and progress in reciprocating blowing-engine 
practice are set forth. An elementary study of valve motion is given and the 
valve gears of present standard American practice are described. It is shown 
that these engines are very successful at the speeds for which they were designed, 
but that at higher speeds they cannot be used successfully, so that new designs 
had to be brought out in order to meet the pressing demand for higher speeds 
and lower first cost. Two American designs are described. It is shown that 
these valve systems, although much superior to the so-called standard gears 
when used for high speeds, have not yet broken with the idea that smallness of 
clearance is required for economy, whereas German builders have demonstrated 
that by the use of multi-ported plate valves large valve areas and economy at 
high-speed operation can be obtained in spite of large clearance. The foremost 
European types of plate valves are described and the results of tests are given. 

It is pointed out that the bringing up of the piston speed of the blowing engine 
to the standard piston speed of the power gas engine or the power steam engine 
reduces the first cost of the reciprocating blower and that the combination of 
the high-speed blast-furnace gas engine with a high-speed blower constitutes the 
most economical method for the production of furnace blast. 


DISCUSSION 


E. T. Cump (written). In Par. 7, Professor Trinks refers to the 
difficulty which exists with all poppet valves; namely, the fluttering 
of the valves and the impossibility of bringing them promptly and 
quietly against their seats at high speeds. The last sentence of this 
paragraph, which states that in ordinary American blowing-engine 
practice poppet valves close so near the dead center that for all prac- 
tical purposes they may be considered as closing on time, without 


slipping back of air, is true only when poppet valve engines are run 
at very slow speeds. 
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In the many cases in which we have taken off heads equipped with 
poppet valves and replaced them with heads fitted with the South- 
wark sliding valves, the delivery of the engine has been increased 
from 50 to 100 per cent, through eliminating the loss due partly to 
leakage and slip, and partly to the fact that the engines could run 
efficiently at much higher speeds than they had been used to running 
with the poppet valves. 

In Par. 14 and in several subsequent places, Postener Trinks 
speaks of obtaining pressures in the air cylinder within 3 lb. of 
the atmosphere. With Southwark valves, we do much better than 
this. We assisted some years ago at a series of tests of blowing 
engines. "with! Southwark valves at the Lackawanna Steel Company 
in Buffalo. The report on these tests was as follows: At mid- 
stroke) the; suction varies from 3 oz. per sq. in. at 45 r.p.m. 
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to 53 oz. per sq. in. at 80 r.p.m., but at the end of the admission 
stroke the blowing cylinder is filled with air which is always within 
3 0zZ. of atmospheric pressure. 

Fig. 34, shows a typical card taken during these tests. The 
amount given, 14 oz., is looking at the matter from the worst 
point of view. It seems probable that the pressure in the cylinder 
at the end of the suction stroke is actually equal to atmospheric 
pressure, owing to the fact that the inertia of the column of air 
rushing through the inlet valve is enough to make up for the 
friction loss. This is the more likely from the fact that the South- 
wark inlet valve does not have harmonic motion, but remains wide 
open until almost the end of the stroke, when it is closed very rapidly 
by acam. We are informed by Mr. Longacre, chief engineer of the 
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Ingersoll-Rand Company, that he has frequently found that the 
inertia of the air entering through well designed inlet valves is more 
than sufficient to overcome the friction. 

It will be noticed that in Fig. 34 a very light spring was used, 
which does not show the top of the card at all, since the indicator 
struck the stop before reaching the pressure at which the blowing 
engine was delivering air. This light spring also accounts for the 
vibration at the beginning of the inlet stroke, which was doubtless 
due to the large inertia of the indicator parts as compared with the 
strength of the spring. 

In connection with these tests at Buffalo, measurements were 
made by two methods to find out how much the air was superheated 
at the beginning of the compression stroke. This was found to be 
4 deg. fahr. in the worst case and appeared to be due mainly to 
the contact of the air with the hot cylinder walls. The heating was 
a trifle less at high speeds than at low speeds, which shows that it 
was not due to friction through the inlet valve. 

In Par. 20, the action of the Southwark valve gear is described 
and it is stated that the actuating cylinder is so proportioned that, for 
a given speed of engine, for a given blast of pressure and for a given 
method of lubrication, the valve opens at the correct instant. In 
modern Southwark gears, however, there is a check valve in the pipe 
leading air to the actuating cylinder, and this check valve is held shut 
by the pressure in the blast main. Air is therefore not admitted to the 
actuating cylinder until the pressure in the air cylinder becomes 
almost equal to that in the blast main. This arrangement overcomes 
the defect which Professor Trinks speaks of, of having the outlet 
valves open too soon. Also, our modern valves give considerably 
greater areas than those mentioned. They provide 20 per cent for 
the inlet and 15 per cent for the outlet whenever these large amounts 
appear to be desirable. If required, these amounts can be made 
30 per cent and 20 per cent, respectively. We have not noted any 
falling off in the popularity of this valve gear. On the contrary, we 
have been busily engaged taking off heads of other design and sub- 
stituting Southwark heads at many furnace plants in this and other 
countries. 

The Southwark gear operates as satisfactorily at 600 ft. speed as 
at 300 ft. and avoids the losses due to tortuous passages mentioned 
by the author. Regarding the wear of the Southwark gear it will be 
noted that the valves do not move under pressure, but that at the 
moment when they are opened and shut, the pressure inside and out- 
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side the cylinder is balanced, causing the valves to float when moving. 
This doubtless accounts for the small amount of wear. It would not 
be possible to move the valves under these balanced conditions if 
they moved with harmonic motion, since they would then be.moving 
practically all the time. 

The performance of these valves is indicated by the record of 16 
engines installed at the plant of the Lackawanna Steel Company, 
Buffalo, which have been running about eight years at 60 r.p.m. On 
horizontal gas engines in Europe, many engines run 80 revolutions 
continuously, night and day, and any speed less than 65 r.p.m. is 
abnormally slow. Of two engines 96 in. in diameter by 44 in. 
stroke, running 70 revolutions, one ran a total of 4475 hours out of 
a possible total of 4525; the other ran 4358 out of a possible total of 
4452, after which one of the engines made a non-stop day and night 
run of over five months. Such results speak for themselves, and 
are not possible with engines having a large number of lifting valves, 
some of which are sure to need frequent attention. 

We do not agree with Professor Trinks as to the quietness of the 
small poppet valves, since the impression we have received from all 


of the engines so equipped is that they were making a great deal of 
noise. 


F. E. Carputio thought that builders of blowing engines could 
follow the lead of the pumping engine manufacturers by using a 
large number of small valves of about 3 in. in diameter instead 
of large ones of 18 to 20 in. in diameter, which must be mechanically 
operated and are subject to unusual mechanical stresses and high 
temperatures. These large valves are more satisfactory with air 
than they would be with water, but objections are of the same 
character, and with high speeds are of the same validity as the 
objections to similar valves in water pumps. Suitable material should 
be used, perhaps steel plates, and with a very small rise almost no 
fluttering or vibration would be found. On account of the great 
simplicity of construction, such valves would give no trouble, and 
shutdowns from defective valves would be reduced to a minimum. 


Tue Autuor. Professor Cardullo recommends a great number of 
small valves, but there would be no novelty in such a design. Four- 
teen years ago the writer saw a blowing engine with an almost 
countless number of small aluminum valves about 23 in. in diameter, 
all in strict compliance with the ideal of Professor Cardullo. Yet 
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that type of engine did not survive, partly because the failure of even 
one valve of that size demands a shutdown for repair, just as it does 
with larger valves. The frequency of shutdowns is thereby increased 
and since it is impossible to tell definitely which valve has let go, 
hunting for the location of the broken valve is aggravating. 

The comparison with the water pumping engine is weak, since the 
great number of small valves is inseparable from excessive clearance 
space, a condition not harmful in water pumps, but impossible for 
blowing engines. Finally, the question of frictionless guiding is 
much more difficult for small valves than for large ones, because 
flexible members for small valves become too delicate to be practical. 
The suggestion must therefore be dismissed as impractical. 

The first paragraph of Mr. Child’s discussion is rather misleading 
because (without saying so) he refers only to the high-lift, non- 
mechanical closed poppet valve, found in very few American blowing 
engines. Mr. Child’s remarks do not apply to the low-lift plate 
valves with frictionless guides. 

The second paragraph is also ambiguous. It is true that poppet- 
valve cylinder heads have been replaced by Southwark heads and 
that great economies have been obtained by the change, but the 
poppet valves in these cylinders were of antiquated design. The 
writer does not know of a single instance of replacing modern low- 
lift multi-ported poppet valves by a Southwark gear. It should also 
be noted that in any case of replacement the old engine is usually 
worn out and in need of repair, whereas the new engine which takes 
its place is in first-class condition. As a proof of this statement 
the writer wishes to offer personal knowledge of two Southwark 
engines which, when new, furnished the wind for a furnace at 40 
rp.m. After a few years of operation these same engines had to run 
at 55 r.p.m. to furnish the same amount of wind. 

While the writer values the receipt of the information that South- 
wark engineers have made an attempt to correct the harmful pre- 
opening of the discharge valve at slow speeds by the interposition of 
a check valve, he feels that it would have been of greater value to 
the engineering profession if it had been available at the time of 
preparing the paper. 

Another point in Mr. Child’s discussion needs attention. He 
states that Southwark valves do not move under pressure. If this 
were true they would have to move through the lap at an infinite 
velocity and no valve gear can be designed which is strong enough 
to accomplish this feat. Cam diagrams will show the untenability 
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of his statement. It will be recognized that time for motion must 
be allowed and that a considerable amount of valve wear is unavoid- 
able in order to save the operating cams from excessive wear or 
breaks. 





TOPICAL DISCUSSION ON INTER- 
CHANGEABLE PARTS 


THE ASSEMBLY OF SMALL INTERCHANGE- 
ABLE PARTS 


By Jonn Caper, PusLisHep In THE JOURNAL FOR JANUARY 
ABSTRACT OF PAPER 


Thedirect lahor cost of assembling small interchangeable parts is a compara- 
tively large item in light mechanical engineering and repetition work. 

Economical production demands that easy assembly be kept in view at all 
stages from the design of a mechanism and through the tooling and shop 
processes to the delivery of the unit parts to the assembler. 

The paper analyzes and illustrates all the elements which should enter into 
the producer’s calculations and outlines the works organization necessary to 
secure the rapid and economical production of suitable unit pieces. It de- 
scribes the results obtained in the assembly of given pieces and illustrates the 
simple apparatus used and the place that preliminary time and motion study 
have in assuring that the shop shall, from the first, begin operating upon the 
assembly of the mechanism under the most economical conditions. 


THE PROCESS OF ASSEMBLING A SMALL AND 
INTRICATE MACHINE 


By Hatcotm Exuis, PuBLisHep IN THE JOURNAL FoR May 
ABSTRACT OF PAPER 


The Ellis adding-typewriter is a combination typewriter and adding machine 
composed of about 3400 pieces. To secure rapid and economical assembling 
of such a large number of parts a very elaborate system is necessary. Not only 
is the machine designed to be assembled in sections, but these sections are 
divided into sub-sections, small groups of assembled parts, assembled parts 
and individual pieces, all of which are numbered. All the parts are produced by 
means of carefully made dies, jigs and fixtures so as to be interchangeable with- 
out special fitting. During the manufacture of the various parts a record is 
kept of the successive operations on each one, so that it is possible to tell at a 
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glance what stage each piece has reached at agiventime. The sheet on which 
these records are kept is called the operation docket. When astock of parts has 
been produced, each section and sub-section is assembled independently by 
means of assembling charts and photographs of the parts required for each sec- 
tion. Numerous illustrations show the method employed and various stages of 
the work from the production of the parts to the completed machine. 


QUANTITY MANUFACTURE OF SMALL 
DEVICES 


By F. P. Cox,! PusiisHep In THE JOURNAL FOR JUNE 


ABSTRACT OF PAPER 


This paper deals with the production of small but not particularly compli- 
cated devices. It assumes that the apparatus has beea properly designed for 
economical manufacture, and discusses the organization of the shop. 

The author considers it essential that change of design, except at stated peri- 
ods, should be avoided; that the responsibilities of the differeat assistants 
should be sharply defined, and should not overlap; that stock handling is of 
the greatest importance in order to avoid interference with the labor cost, 
and that the chief function of an organization is to assist the workman to per- 
form a maximum of work with a minimum of effort. Recognizing and fully 
believing in scientific management, he contends that an organization should be 
sufficiently flexible that ability in whatever form it may be found may be used 
to advantage, and in no case should the man be sacrificed to the system. 


DISCUSSION 


Huaco Diemer said that while on a visit to the plant of the West- 
ern Electric Company several years ago, he was shown an interesting 
feature of their system of assembling. In connection with the sched- 
uling of stock orders, each foreman estimated the time of completion, 
and after the work was done he was given a percentage rating each 
month based on the accuracy with which he predetermined the time 
of completion. Certain foremen with a percentage of 40 at the begin- 
ning of this practice were able to reach a standard of nearly 90 per 
cent. He wished to ask Mr. Puchta, as a representative of the com- 
pany, whether this was merely a temporary effort, or if it had been 
continued, and whether an inducement was offered to these foremen 
to acquire greater efficiency. 


1Meter Dept.. General Electric Co., West Lynn, Mass. 
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Epwarp Pucuta replied that the plan of making a promise for 
the completion of each special order was still in effect, but the regular 
shop schedules were placed monthly, and it was expected that they 
be completed in the standard time. A record is kept of the estimates 
on special orders, and at the end of the month a statement is prepared 
showing how many of these promises each foreman has kept. No 
especial inducement is offered, except that the placing of one fore- 
inan’s record against another’s brings about competition. 


C. W. Ripscu agreed with the methods stated in the papers for the 
division and outline of the work for the proper assembling of such 
machines and discussed the proper methods of fastening punchings of 
rolled steel made on the screw machine and the fastening of this 
combination to a shaft. The present method of ring staking and 
pinning the punchings to hubs is quite often a failure in parts which 
receive much pound, as the pieces loosen after continued operation. 
Furthermore, the cost of ring staking, drilling, pinning and lapping 
off the resulting surface is great whether done in the punching and 
hub separately or in a locating fixture. To remedy this difficulty he 
had experimented with the method of electrically spot-welding such 
parts, which serves to fasten the pieces quite securely. A chisel is 
required to chip apart the weld. The condition of the metal is the 
same except for the slight blueing and ridge thrown up around the 
welded point which can easily be lapped off. The main difficulty 
is to secure a point small enough to withstand the heat for the smaller 
pieces. 

The next operation, fastening this assembled piece to the shaft, 
is usually done by a dowel pin located either centrally or to one side, 
or by two pins, one on each side. Owing to the running of the drill 
and spring due to driving dowels, the pieces will not be interchange- 
able and will in some cases require broaching or filing. Mr. Ripsch 
stated that he had failed to find a satisfactory method for this opera- 
tion which would permit the elimination of the file from the assem- 
bler’s set of tools, as advocated by Mr. Calder in Par. 17. 


A. C. Jackson believed that it would be very helpful if Mr. 
Calder would supplement his paper by giving data regarding the 
percentage allowances on different classes of work between what is 
considered maximum by the rate-setter and the output of the 
average day worker. 
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Cuas. W. JoHNsON asked about the methods used by Mr. Calder 
in paying the demonstrators who did the preliminary work in the 
rate-setting department before turning the work over to the manu- 
facturing department. He wished to know how their earnings com- 
pared with thase of regular workers, and whether they really worked 
at their maximum capacity. 


W. J. Kaup asked whether it was not true that the Lest men 
were chosen as rate-setters and if there should not be some dis- 
count made for the average workman. 


N. W. Perxrns,!' JR., representing Mr. Ellis, stated that they had 
found no better way of doing this work than the methods men- 
tioned by Mr. Ripsch. 


E. Pucuta (written). Mr. Calder’s paper is one of exceptional 
interest, especially to those engaged in the manufacture of apparatus 
composed of small interchangeable parts, where the assembling 
is a considerable item of the total cost. This, of course,would vary 
directly with the simplicity of the design and the requirements placed 


upon the apparatus to insure its satisfactory operation. 

About twelve years ago the Western Electric Company, which 
manufactures a large number of types of telephone apparatus compris- 
ing some 75,000 separate parts, started to analyze manufacturing 
problems along the lines advanced in this paper. The first step was 
to produce interchangeable parts, which involved a very careful study 
of design, as well as of manufacturing methods. Later, attention was 
directed to the assembly of apparatus, and studies were made to deter- 
mine the most efficient divisions of labor in assembly and to develop 
tools and fixtures which would enable the operations to be performed 
with the greatest facility. Since that time the work has been highly 
developed and all the elements involved in introducing new designs 
are thoroughly analyzed and standardized before work is started 
commercially. The adoption of these methods brought up many 
interesting organization problems ultimately resulting in radical 
changes in the organization and some changes in personnel. 

It is of interest to note that the organization developed in our shops 
is very similar to that shown in Mr. Calder’s paper. There are, 
however, a few points which we have worked out differently in our 


1Engr., Ellis Adding-Typewriter Co., Newark, N. J. 
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study of the problem. For instance, the supplying of raw material is 
entirely under the control of the purchasing department. Inasmuch 
as the interchangeability of parts is directly dependent upon the qual- 
ity of the raw material, the organization should be so laid out that the 
shop can control the quality of the raw material by furnishing speci- 
fications and by inspecting the product when it is received, to make 
sure that all manufacturing requirements are fulfilled. 

No provision is made in the organization shown for raw material 
inspection nor for the inspection of tools, which we have found is 
also of great consequence. Both tool inspection and raw material 
inspection should be closely associated with the inspection of parts, so 
that the inspectors in these divisions may be kept well informed in 
regard to shop conditions. These two departments, as well as the 
departments inspecting parts and finished apparatus, should come 
under a common head, who, in turn, should report to the superinten- 
dent. , 

The chart provides that the tool designing department and the test- 
ing rates and methods department report to the head of one of the 
branches of the manufacturing department. Inasmuch as these 
departments supervise the work in their respective lines in both 
branches of the manufacturing organization, it would appear that they 
should report directly to the man to whom these two branches report. 

With an efficient organization for conducting the work there is but 
little doubt that the fulfilment of the ten conditions outlined in the 
paper will place the manufacture of apparatus on a highly efficient 
basis. 

In our shops we consider the design of a part with reference to its 
economical manufacture as well as quick assembly, referred to in 
condition D, of such great importance that we have adopted the prac- 
tice of analyzing completely and discussing each design with the heads 
of all departments interested. The design is then modified, if neces- 
sary, and the particular features which have been found to be objec- 
tionable, from a manufacturing standpoint, eliminated. After the 
designs are finally determined upon and working drawings completed, 
each part and each stage of assembly are carefully analyzed. by the 
tool designing and methods department. After the various methods 
are balanced against each other, the most efficient are chosen and 
the general design of the tools which will enable the operations to be 
performed with the greatest facility is decided upon. Upon the com- 
pletion of the tools, and after they have been inspected and approved 
for quality of work, they are carefully studied to make sure that they 
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will permit of the operation being performed with the greatest dis- 
patch. If satisfactory in this respect a complete time study is made 
and the operators are informed of the exact method to be followed in 
performing each step of the work. 

The principal difference between our method and that proposed 
by Mr. Calder is that our department which corresponds to his 
testing rates and methods department does not actually run the job 
in the shop to determine upon time allowances. Our practice is to 
have the tools turned over to the operators who are to use them com- 
mercially, and after they have been instructed and have become 
familiar with them, the testing rates and methods department make 
a careful time study of the job. At this stage the final time allow- 
ances or piece-work rates are decided upon, after having carefully 
compared the rates observed with those previously estimated and 
with established rates for similar operations. 

In Tables 2 to 5 showing the assembly work, operations seem to be 
included which do not properly belong in such a department. For 
example, Stage No. 1 in Table 2 calls for a reaming operation on a 
unit part, which apparently could be better done in some manu- 
facturing department, since it is not in reality a part of the assembly 
work. A number of similar instances occur in these tables, including 
tapping, reaming and bending operations. 

The point made in Par. 17 that files should not be used in assembly, 
is a very good one, since in prohibiting the use of them the quality 
of workmanship on the parts has been greatly improved. 


CLOSURES! 


F. P. Cox in reply to a question, said that in the conferences 
mentioned in his paper it was possible to get honest opinions from 
leading hands quite as well as in personal conversation. The lead- 
ing hand is solely responsible for his own operations and will frankly 
discuss them, although as a rule he is more reticent about operations 
other than his own. 


JOHN CALDER. Referring to Mr. Puchta’s remarks, which touch 
in part details somewhat outside the scope of the paper, the purchas- 
ing, storing and issuing of raw material are entirely under the control 
of the purchasing department in the organization illustrated, but the 
specifications and quality are not. 


1Mr. Ellis did not desire to present a closure.—Ep1Tor. 
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The chart has been necessarily curtailed in the paper and illustrates 
especially the general relation of other departments to parts assembly. 
In particular, the general and departmental inspection system, under 
the chief inspector and his staff, and the reporting to the superinten- 
dent and the tool engineer on the condition of parts and of tools 
respectively, is not exhibited. 

The difference between the system described and that mentioned 
by Mr. Puchta, where the rate and method department does not 
actually run the job in the shop, or in its own section of the shop, is 
a vital one. It is, of course, the author’s practice to watch for com- 
parison the performance of ordinary piece-work operatives, but it is 
the very essence of the system described to have at all times an inde- 
pendent set of facts and figures obtained by a reliable staff. This 
practically eliminates the delays and the tedious process of guessing 
involved in turning over untested equipment to see what the shop 
will do with it. 

Even the best of shops will make much greater progress in capacity 
and arrive quickly at more economical production if it does not start 
to manufacture a new piece in the dark, with only tradition and cus- 
tom for guides. The best results actually demonstrated by experts, 
who are far more critical and resourceful than the average employee, 
should be used from the beginning. 

Mr. Puchta’s definition of assembly, embracing only work wholly 
performed by manual operations, is rather a narrow one. Power 
aids to the assembler have long been used by the author. The com- 
pounding of unit pieces, as distinct from the subsequent process of 
assembling machines described by Mr. Ellis in his paper, should not 
be restricted purely to hand work. 

Many slight reaming, tapping and final setting operations can be 
performed properly to gage only when the finished and related unit 
pieces are in contact. The latter are often finished in a different 
manufacturing department from that in which they originated and 
the provision of some light machine tools in the parts assembly room 
is not only a desirable, but very economical proceeding. Other 
handling and transmission delays are thus eliminated and the respon- 
sibility for the assembled parts placed solely on the foreman and 
inspector of that department. 

Referring to the request of Mr. Jackson for further details of the 
time and study system, the main effort is directed towards finding a 
sure basis on which to determine correct methods and fair piece rates 
for various classes of task and ability. Each class is rated on a per- 
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centage allowance of the study time, based on experience but usually 
10 per cent less than the maximum performance. Thus all can make 
a fair wage and the exceptional men get all theirsurplus. The latter, 
however, does not compare with the variations under premium sys- 
tems. 

In the case of fast assembly on very light work by male demon- 
strators it is sometimes necessary in rating to raise instead of lower 
the standard performance, as in the case of the greater dexterity of 
females in work of a light fingering character involving no mechanical 
skill. 

Answering the question of Mr. Kaup, it is not easy to get men to 
fulfil the functions required from a time and method study depart- 
ment. In fact, there is nothing easy about the task of management, 
but the author believes that the outside expert is not always the 
inevitable or the best solution of the matter. Most plants already 
contain enough men suitable for this work if trouble is taken to locate 
and develop them. Such men when organized for study work are 
paid a high daily rate, without reference to what task they may be 
engaged upon and are really retained for their potentialities. It is 
possible to determine from the records beyond any doubt whether 
the demonstrators are giving efficient and consistent service. 

The effect of such time and method study work and advance crit- 
icism is that, if a body of operatives be given an entirely new job, 
they know the management is well aware of what can be done and 
that the employer has carried independent criticism of his own plans 
as far as practicable. If there is any doubt in their minds as to 
whether the rated performance can be accomplished, a demonstra- 
tion is at once offered and the matter settled. This method is abso- 
lutely fair to all concerned and under these conditions the test is 
seldom demanded. 

Confidence in the work of the demonstrators is based on the integ- 
rity and reliability of the men selected and on the ability of their 
supervisor to see that the work done on test is of the prescribed qual- 
ity and a full measure of their powers. 

The author desires to express his agreement with Mr. Cox in plac- 
ing as much stress upon the development, full use and recognition of 
able assistants as upon the system which is employed, for the human 
element is half the problem. At the present time there is a tendency 
towards too great rigidity in some of the shop systems offered for 
general application. It is not a recommendation for any system, 
but rather the reverse, that absolute conformity to type in details 
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without regard to the problem in hand and the great amount of expe- 
rience already acquired from it are insisted upon. The best shop 
management is that which will draw out and adequately reward the 
best effort of everyone concerned, not forgetting the employer, and 
the best systems for so doing will never be alike in any two cases 
though the principles may be identical. 





POWER FORGING, WITH SPECIAL REFERENCE 
TO STEAM-HYDRAULIC FORGING PRESSES 


By BartTHoLtp GerpAv and GrorGe Mesta, PuBLISHED IN THE JOURNAL 
FOR JULY 


ABSTRACT OF PAPER 


Various methods of producing forgings by power are discussed. Comparison 
is made between forgings produced by hammers and by presses with regard to 
quality. The particular fields for power hammers and presses are outlined. The 
effect of the blow of a hammer and the consumption of steam per working stroke 
are computed. The various types of presses are discussed with a view of deter- 
mining their steam consumption under equal conditions. The computation of 
the steam consumption is carried out. The most interesting features of various 
steam-hydraulic presses are illustrated. 


DISCUSSION 


J. I. Rogrers.! With regard to the assertion in Pars. 7 and 8, that 
hammer forgings have concave ends and that press forgings have 
convex ends, the shape of the ends really depends more on whether 
the hammer is heavy enough rather than whether it is or is not a 
hammer. There are plenty of forgings made with heavy hammers 
that have convex ends. In the same way there are press forgings 
which are apt to have concave ends if the press is not powerful enough. 

In Par. 18 direct-acting presses are referred to, which, acting 
directly from pumping, engines using fly-wheels and expanding the 
steam, have been in very successful operation in this country in the 
making of guns and armor plate. They have given very satisfactory 
service, the only objection being the great cost of first installation. 

In Par, 22, having figured that there is about 240,000 ft-lb. of work 
to be done on the forging by the hammer, Mr. Gerdau compares the 
press with the hammer on the basis of the work necessary to accom- 


Presented at the Spring Meeting, Pittsburgh, 1911, of THe American Soct- 
ETY oF MecHANICAL ENGINEERS. All discussion is subject to revision. 


*Consulting Engineer, 165 Broadway, New York. 
1065 





1066 POWER FORGING 


plish equal physical results on the forging being the same with both, 
hammer and press. I believe from actual experience that thisassump- 
tion is incorrect. The amount of work to be done on a forging 
depends upon the speed with which it is done. That is, a hammer 
does not need to be quite so large as a press because it works at a differ- 
ent speed. On the same forging the actual force necessary to over- 
come the resistance of the metal will depend on the speed of the ham- 
mer or the press. 

In some experiments on two 10,000-ton presses (two of the largest 
forging presses in the country) one of the direct-acting type and the 
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Fig. 5 CoMPARISON OF BLows DELIVERED BY PRESS AND BY HAMMER 


other of the intensifier type, all conditions were made as nearly alike 
as possible in the different tests, only the speed at which the press 
ran being changed. When the work was done in 50 seconds it 
required 10,000 tons; when in 32 seconds, only 6500 tons; and when in 
17 seconds, only 4000 tons, in each case this being the total pressure 
Therefore to do the same physical work on the hot forging, the force 
necessary depends upon the speed; that is, the speed with which the 
forging is compressed after the die first touches it. 

Fig. 5 shows graphically the amount of the pressure or the force 
of the blow deliverec by the pressure of the press or by the ham- 
mer. The ordinates represent the pressure of the press or the force 
of the blow of the hammer and the abscissae the distance the die 
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moves in accomplishing the work. Taking this distance constant 
for means of comparison, the hammer will deliver the greatest blow 
at the beginning of the compression of the forging and have a curve 
like H. The press, on the other hand, will exert its greatest pressure 
at the end of the compression of the forging, starting with zero 
and gradually building it up as more is required like curve A. With 
« more slowly moving press it will run like curve B, and so on. 

In the case of the press, the resistance offered by the metal is at 
all times equal to the pressure exerted by the die; thus the areas under 
the curves A and B represent the work done in the two cases. In 
the case of the hammer the resistance offered by the metal is not equal 
to the force of the blow delivered until the end of the stroke. Thus 
the area under curve H does not represent the work done by the ham- 
mer, this being represented by the area under a curve H’ which rep- 
resents the resistance offered by the metal to the blow of the hammer. 
Accordingly, we cannot say that the amount of work to accomplish 
the same result on a forging is the same in all cases. In addition 
to the speed of forging, the force necessary to overcome the resist- 
ance of the metal depends upon so many things, such as the tempera- 
ture of the forging, the composition of the metal, the shape of the 
dies and the condition of their faces, that it is a very difficult quantity 
to figure accurately. 

I believe that the press and the hammer has each its own field. In 
the selection of a press or a hammer the question of steam consump- 
tion should be one of the minor factors, the most important requisite 
being to select the tool that will make the best forging in themost 
efficient way, taking into consideration the speed of production, the 
facilities for changing dies, etc., and one that will not be out of service 
under repairs. Each case must stand upon its own requirements for 
the particular work in hand. 


W.E. Hatu. Referring to the computation of steam consumption 
of steam hammers, this type of hammer has the reputation of being 
a steam eater, but the method used by the authors gives results which 
seem excessive. Efforts have been made for several years, but with- 
out success, to have placed before the Society some comprehensive 
information relative to their steam consumption, etc. The only 
record available, so far as we know, are some indicator cards (Figs. 
6 and 7) taken by the writer some 21 years ago, ‘which are quite 
incomplete, but do throw some light upon the steam consumption. 

The hammer was built by William Sellers and Company, and the 
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nominal rating was 2 tons; the stroke 353 in. and the indicator spring 
40 lb. The hammer was not available for measuring the cylinder 
diameter until some weeks after the cards were taken. This dimen- 
sion (the cylinder having been rebored one or more times after instal- 
lation) was subsequently accidently lost. This and other matters 
prevented a completion of the investigation. The steam for the 
hammers was obtained from boilers located over the smith shop heat- 
ing furnaces and the variation of the work in the furnaces produced 
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Fig. 7 Errect or Lone Stroke Striking Harp 


rather abnormal differences in the boiler pressures for the different 
cards. The hammer was located about 50 ft. from the boilers and 
was operated in the usual way by a hammer man under the guidance 
of the foreman. 

The cards are presented because they show from the cut-off, etc., 
that the basis used by the author for computing the steam consump- 
tion would seem to give an abnormal result. They contain some 
rather interesting features such as the effect of cushioning, etc., and 
it is rather unfortunate that there seems to be no record showing the 
most economical method of distribution and the most efficient way 
of operating such a widely used shop appliance. 
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Tue AutTHuor. Mr. Rogers’ contention that hammers which are 
very heavy in proportion to the size of the forging will produce con- 
vex ends, is correct. The size of hammers, however, has kept pace 
with that of forgings, which fact accounts for the concave ends on 
large forgings made by hammers. The vibrations of the ground from 
hammers large enough for heavy forgings are so serious that the use 
of a press is imperative. A heavy hammer is better than a light one 
heeause the former owes its power more to its mass and less to its 
velocity. The action during contact is slower than that of the light 
hammer and therefore approaches the action of the press. 

I do not understand the inference made by Mr. Rogers in the 
second paragraph of his discussion. I have never denied that presses 
operated by crank and fly-wheel pumps are in successful operation, 
but I have stated over and over again, that the direct-steam hydraulic 
press is for certain processes not only cheaper, but also more economi- 
cal. 

I agree with Mr. Rogers that the work required to shape a forging 
depends upon the time consumed, but I cannot assent to the state- 
ment that a hammer works faster than a press. To the casual ob- 
server it might appear that the hammer moves faster, but while it does 
so, most of its fast motion is used for getting ready to do work. The 
press consumes practically no time in getting ready, and does work 
all the time. It may be interesting to note that the forge shop of the 
Mesta Machine Company has been able to cut the time on forgings 
considerably since the hammer was replaced by the press. 

I do not wish to discuss the correctness or incorrectness of Fig. 5, 
because that would involve a theory of plasticity, coupled with 
dynamics of the anvil and ground or soil. While my own experience 
leads me to believe that these curves are not right, I cannot disprove 
them for want of tangible proof. 

Referring to Mr. Hall’s discussion, it appears to me that the cut- 
off like shape of the indicator cards misleads him. Both cards show 
a great deal of negative work, and when this is substracted from the 
positive work the high steam consumption per unit of work becomes 
apparent. 








GAS POWER SECTION 


TOPICAL DISCUSSION ON LARGE BLAST- 
FURNACE GAS-POWER PLANTS 


A. E. Maccoun.! As is well known, the cost of a gas engine is 
very much higher and the space required very much larger than that 
for a steam engine of the same power. Some have tried to over- 
come this great difference by running the engines at excessively high 
speeds, but this practice cannot be recommended. With large gas 
engines, for instance an engine with a cylinder 48 in. in diameter, it 
becomes nearly impossible to design the working parts, such as 
cylinders, piston rods, pistons, frames, crank pins, etc., sufficiently 
large and strong and to find material good enough to withstand the 
enormous strains to which they are subjected. Everyone who has 
operated these large engines knows that their parts are continually 
subjected to fatigue on account of the high temperature and pressure 
conditions, that many cracked pistons, rods, heads and cylinders 
have resulted, and that much of the economy gained in the use of 
fuel has been lost in the enormous repairs required on many of these 
engines. 

So far as reliability is concerned, although they may require more 
skilled supervision, excellent results are being obtained at many plants. 
At the Edgar Thomson furnaces of the Carnegie Steel Company 
during 1910, the record of operation with the percentage of time 
operated during the year was as follows: 

Per Cent 
No. 1 blower, horizontal, twin-tandem, Westinghouse, 38 in. x 54 in. ... 90.3 


No. 2 blower, horizontal, twin-tandem, Westinghouse, 38 in. x 54 in 
0. 1 electric, horizontal, twin-tandem, Westinghouse, 40 in. x54in.. .. 75.87 


1 Supt. of Furnaces, Edgar Thomson Steel Works, Carnegie Steel Co., Brad- 
ock, Pa. 
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In what follows some important points are dwelt upon relating 
to the design of gas engines and some of the changes are mentioned 
which have been made in the design of the Westinghouse gas engin« 
at the Edgar Thomson works. 

Cylinder Design. The most important part of a gas engine is the 
cylinder and the troubles from this have not yet been completely 
overcome. The greatest difficulty is due to cylinders cracking, thus 
allowing the water to leak into them, seriously interfering with the 
operation of the engines. To prevent this great care must be taken 
to provide for the extreme temperature and pressure conditions anc! 
the cylinders necessarily have to be very carefully water-jacketed to 
prevent unequal expansion. 
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Fig. 1 Lona@iruDINAL AND Cross-SECTION OF CYLINDER 


Iron and steel castings have been used for these cylinders and there 
is still a difference of opinion as to which is preferable. I greatly 
favor the steel casting on account of its greater strength, together 
with its thinner walls; thus permitting the cooling to penetrate closer 
into the cylinder walls and reduce the temperature of the walls and 
also help to prevent the fatigue of the metal. But even this does 
not eliminate cracking. Large gas-engine cylinder castings should 
be made as plain and simple as possible, and preferably in halves and 
bushed. The bushing renders a new cylinder wall available at a cost 
much less than boring and fitting new pistons, from time to time. 
The bushing should be easily removable and not require the removal 
of the cylinder from the engine. Both casi-iron and cast-steel 
bushings have given satisfaction. 

As large a space as possible should be allowed for circulating water 
and special attention should be given to the bu hings connecting the 
inner and outer walls of cylinders for igniters, air valves, etc., so they 
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will remain tight and allow for the difference in expansion between 
the inner and outer walls of cylinders. Fig. 1 shows a cast-steel 
cylinder we have had in use for two years and Figs. 2 and 3 sections 
through the exhaust valve. 

The limit of size of gas-engine cylinders is very uncertain and it 
looks as if 44 in. in diameter should be about the maximum until 
further results are obtained from the numerous designs now being 
tried out. 

(as-Engine Pistons. The design of the piston is also of great im- 
portance but it can now be relied on for any size to which the cylinder 
can be carried. Nearly all the builders are using cast steel for large 
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pistons. They should be made in one piece and should be free from 
all parts that may become loose. Fig. 4 shows the type of piston 
in present use, made from cast steel, one with which we have never 
had any trouble. It can be seen that it approaches a sphere, as nearly 
as is possible, which gives enormous strength and also allows for 
expansion. 

The number of rings used in various gas-engine pistons shows that 
there is no agreement among builders regarding this feature of design. 
They vary from three to eight, from snap rings to the more elaborate 
sectional rings with keepers. We prefer not to exceed four rings, of 
the latter type, with good depth and wearing surfaces. The rings 
should not be dowelled in place so that the dowels can come out and 
cut the cylinders. 

It is unnecessary to state that the pistons should never bear on the 
working bore of the cylinder; all this weight should be carried by the 
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rod on the cross-heads and slippers, and nothing but the pressure due 
to the rings should be on the cylinder walls. 

Piston Rods. It is a most difficult problem to design piston rods 
strong enough to stand the constant stresses and strains to which they 
are subjected on large gas engines. The maximum stress on a section 
of rod, due to the explosion pressure, varies from about 6000 to 11,000 
lb. per sq. in., on the various American types of large gas engines, 
and siill many of these rods have failed and it is nearly impossible 
to increase the size to any great extent. Some are as large as 13 in. 
in diameter, but changes that have helped to strengthen them to some 
extent have been made in the design and material. 
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There are two general methods of fastening the rods to the cross- 
heads: by keys throvgh rod and by thread and nut, or clamp over 
the threads. Both keys and nuts have given considerable trouble 
and it is hard to say which is the better type to use. The clamp over 
a thread, or other recess, seems to be preferable, as it does not inter- 
fere with the passage of the water from the end of the rod. 

The material from which our rods were first made was nickel steel, 
as this was thought to be the best, but we found it very unreliable 
for this particular class of work and numerous failures developed. 
We find open-hearth steel of the following composition more satis- 
factory: 

Per Cent 
Carbon EC Te RE ey ey 0.45 to 0.60 
che er isthe vis wie ale is ea a OE ee pe a wie 0.45 to 0.60 
Phosphorus under 0.04 
Sulphur 
ie ab ns hGdudskpvindnecensskendeedvenerasdeetodackelouel 0.10 to 0.20 
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The steel is heat treated and has the following physical properties: 
50,000 Ib. per sq. in. elastic limit; 95,000 lb. per sq. in. ultimate 


Shape of Original/ 
iLole in Rod 


aa 


Plug used in 
Original Rod 





Brass Water Outlet 
Connection 








YH 


Original Hole in Rod \ 
own by Dotted Lines \ 
—_-_ 











Fic. 5 SEcTION SHOWING Piston WaTER OUTLET AND Main Cross-HeEap 
CoNNECTION 


Inlet Water to Pistou 
from Arm Clamped 
to Rod 


QQ_OL 
Bronze Tubing 


\N \ 


Fie. 6 SECTION SHOWING WATER INLET TO PISTON 


strength; 12 per cent elongation in 2 in. No trouble has been ex- 
perienced by the wearing of piston rods made from this material, on 
account of their softness. 

At the Edgar Thomson works we were compelled to line the inside 
of all our piston rods with brass tubing, on account of the acid in the 
river water, and we have had excellent results from this practice. In 
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fact, nothing but cast iron, cast steel or brass should come in contact 
with Monongahela River water, as it frequently runs very high in 
acid. 

We were compelled to abandon all holes for the entry or outlet 
of water through the walls of piston rods, as they were found to be 
very convenient places for cracks to start. The water is now brought 
into and taken out of the ends of the piston rods. 

Figs. 5, 6 and 7 show the detail construction of the rods and con- 
nections at present in use, which seem to be satisfactory. 

Piston-Rod Packing. Very little trouble has been experienced 
from our piston-rod packing. The most important points to be 
watched are the fire rings; they should be solid and there should be a 
sufficient number to reduce the explosion pressure before it reaches 





Fig. 7 View sHOWING WaTER CONNECTION TO TaiL Rop 


the packing rings, and care should be taken to have a sufficient num- 
ber of packing rings to prevent trouble, as the increased length of 
stuffing box is very small compared with the trouble that will certainly 
occur if the number of rings is reduced. 

It is necessary to have sufficient side clearance so the rings can float. 
For this 0.005 in. is a fair allowance. The rings should also be fairly 
deep to allow wear. From present indications, our piston-rod pack- 
ing should last a good many years. 

Cylinder Heads. At first we experienced some trouble from cylin- 
der heads but by changing the design we found it possible to make 
perfectly satisfactory cylinder heads from cast iron. Figs. 8 and 9 
show the construction of the cylinder heads on our Westinghouse 
engines. 
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Inlet Valve Gear. There are still many improvements that can be 
made on the inlet valve gears of all blast-furnace gas engines. The 
essentials are as follows: 

a A reasonable percentage of dirt in the gas should not affect 
their operation. 

b The wear on all parts, cams, valves, seats, etc., should be 
easily compensated for in their method of adjustment. 
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c Ample surfaces should be allowed for all wearing parts, to 
prevent wear and distortion of the valve setting. 

d The adjustment of each valve on the engine should be made 
so as to be independent of the others. 

e The valve gear should also be arranged so that the relative 
ratio of the air and gas ports can be changed either indi- 
vidually or collectively and very quickly to suit sudden 
changes in the composition of the gas. 


A great many of the gears in use fulfil most of these conditions, but 
none of them, so far as I am aware, satisfy the last, which is a most 
important one. By meeting this condition, many of the experiences 
from backfiring, due to the sudden changes in the quality of blast- 
furnace gas, would be avoided. 
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There are two general systems in use in designing valve gears, 
namely, the constant-mixture and constant-compression systems. 
We have found the former the better for all load conditions, but these 
two systems have already been very thoroughly discussed. In « 
discussion upon a paper by H. J. Freyn,! I gave examples of cards 
from an experimental gas engine, using these two systems of governing. 
We have found the oil relay governor most satisfactory for operating 
inlet valves, on account of the large amount of work to be done and 
nearly all builders are adopting some modification of this system. 

Exhaust Valves. Our exhaust valves have given very little trouble 
and do not have to be ground in very frequently. We at first expected 
a great deal of trouble from this source and all kinds of methods 
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were arranged for changing them quickly. Fig. 10 shows the type 
in use, which has proved itself to be entirely satisfactory. 


R. H. Stevens? had not prepared a paper, but said that at the 
Carrie furnaces they had four blowers of the Allis-Chalmers make, 
and five gas-electric units, three of the Allis-Chalmers make and 
two of the Bethlehem, all in operation. There is also a cleaning 
plant in connection with them. The gas first goes through an im- 
pinging washer, then in series through a baffle, a fan, a screen, and 
a Theisen, and finally into the engine-house. A total efficiency is 
secured in the cleaning of over 99 per cent, the dust contents being 


1 Trans.Am.Soc.M.E., vol. 32, p. 462. 
2 Mechanical Engineer, Homestead Steel Works, Homestead, Pa. 
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as low as 0.003 of a grain per cu. ft. The engines are running along 
about 110 to 120 cu. ft. of gas per i.h.p., the gas running from 85 
to 90 B.t.u. The fans are not operated in connection with the 
cleaning system, the gas merely passing through them. 

The operation of the gas engine has been fairly successful. -The 
gas-electric engines have been in shape to operate 95 to 98 per cent 
of the time but the demands have required only about 90 per cent. 
Two furnaces have been operating at the Carrie furnaces almost 
continuously for two years with gas blowers without any assistance 
from the steam units in the station, other than when cleaning the 
gas engines, as there is no spare gas engine. 

The troubles with the gas engine have been mostly with the gears 
driving the lay shaft, with piston packing, rod packing, soft cast-iron 
cylinders, governors and inlet valves. These troubles have been 
met and overcome as they occurred. 


A. N. Dresu.' A blast furnace may be considered as a producer 
in which some of the carbon monoxide, produced near the tuyeres, is 
oxidized to carbon dioxide, thereby robbing the original gas of some 
of its power. The low hydrogen value of the furnace gas allows an 
explosive mixture capable of high compression, and with a slow propa- 
gating flame makes an ideal fuel for power production. At the 
Duquesne plant of the Carnegie Steel Company, we consume 1 lb. 
of coke for about every 60 cu. ft. of air blown in actual practice, and 
produce approximately 150,000 cu. ft. of gas per ton of pig-iron pro- 
duced, of which a loss of 10 per cent can be allowed for leaks. About 
50,000 cu. ft. is used to heat the blast, and the remaining 85,000 can 
be used to produce steam or drive the blowing engines; any excess is 
available for other uses. 

The gas from the top of the furnace varies considerably in thermal 
value, as well as in temperature, moisture, and dust content. The 
normal H is about 2 to 5 per cent and CO from 18 to 27 per cent. 
These figures are only normal; very often we have higher H and either 
higher or lower CO. The dust will vary from 1 grain per cu. ft. to 
25 or 30 grains in gas from a slipping furnace, and the moisture from 
15 to 35 or 40 grains per cu. ft. The temperature of the top gas will 
vary from 250 deg. fahr. in a good working furnace, to 1000 deg. fahr. 
in a furnace working irregularly. The normal top temperature is 
about 500 deg. fahr. The gas after leaving the furnace first passes 


1 Supt. of Furnaces, Duquesne Steel Works, Carnegie Steel Co., Duquesne, Pa. 
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through the dust catcher, where the heavy particles are deposited by 
their own weight, and also by the reason of the chamber being large 
enough to slow down the gas, thereby allowing some dirt to fall out. 

A number of systems of gas cleaning have been proposed from this 
point. The gas may be caused to enter a chamber so designed that 
the velocity is greatly increased, and the gas and dust whirled rapidly 
to the circumference, where vertical Z-bars are located to catch the 
dust and keep it from getting back into the gas. The dust falls into 
a pocket below, where it can be drawn off. The system referred to is 
the Brassert-Whitting type, as used in the South Chicago plant of 
the Illinois Steel Company. It is desirable to get the dust out dry if 
possible, as it is saved for other purposes, while removing just that 
much material and heat from the scrubbers through which the gas 
will have to go. 

There are different systems of preliminary or partial wet washing. 
In some cases the gas is passed through impinging washers, where it 
is rapidly thrown on surfaces of water; in others the gas is sprayed, 
etc. None of these systems are very efficient unless used as an auxil- 
iary to a cooling apparatus for the removal of the moisture, because 
even though the gas should be more or less purified regarding dust, 
its temperature is so high that the gas would pick up moisture, and 
the good effect of the clean gas be destroyed by the excessive moisture 
absorbed. 

In case the gas is to be cleaned, the scrubbers will do all that these 
cleaners will do, and will in addition almost completely remove the 
dust, as well as considerable moisture. In some installations, the 
gas is passed through baffle towers. The gas enters at the bottom of 
the tower and finds a tortuous way to the top. Water is run over 
these baffles and drawn off below. From the baffles the gas is passed 
through Zschocke tower washers, which have stationary sprays, 
located at the top of the tower, and a succession of wooden grids over 
which the water flows, falling from one to the other. 

A number of installations use baffles and one or two Zschockes in 
series, then pass to Theisen horizontal washers for final cleaning. 
At Duquesne we have departed somewhat from this system and have 
obtained the best results by positive and repeated spraying, with a 
tower 76 fi. high, 12 ft. in diameter, having two main supplies for 
the water, one about 10 ft., the other about 40 ft., from the bottom of 
the scrubber. The water is fed in each case into a valve having a 
motor-driven revolving core. One 5-h.p. motor is required to drive 
four valves, that is, two scrubbers. The valves are located outside 
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the scrubber, and have 12 openings which can be used. At present 
we are using only six, each having a 1}-in. pipe connected to the dis- 
charge opening in the valve. These pipes run into the scrubber and 
are so located as to spray the entire area. The nozzles on the end of 
the pipes are turned vertically and a screen is placed about 6 ft. above 
the nozzles, which breaks up the water into a fine rain or mist, thus 
exposing an enormous surface to the gas and allowing better contact 
and cooling. 

The revolving core is so designed as to blank one opening, allowing 
the water to flow through the remaining five. It is evident that, by 
its revolution, each hole will be blanked in succession, causing a mo- 
mentary suspension in the flow of water from this nozzle, the other five 
delivering their usual flow. The result of this water suspension will 
momentarily cause an area of lesser resistance to the gas, approxi- 
mately equal to one-sixth of the area of the scrubber, which will 
naturally be the point toward which the gas will surge. After the 
gas has surged over the dead nozzle, and is traveling upward through 
the scrubber at the rate of 4 ft. per second, the core passes the opening, 
allowing the water to flow once more at a velocity of about 60 ft. per 
second. The water sprays through the volume of gas above, at the 
same time tending to drive the gas from its path by means of the 
higher pressure and positively driven water. The gas, being under 
control of this spraying, and continually rising toward the top of the 
scrubber, is repeatedly sprayed and tends toward a spiral course, by 
which channeling is avoided. We have found that 15 r.p.m. is about 
the proper speed for the core. 

The upper and lower valves, which operate on the same principle, 
are driven from one shaft and so arranged that the sprays overlap. 
We were led to this scheme of washing gas by the results obtained in 
our scrubbers as originally operated with a revolving spraying device 
located at the top. The water after leaving the top of the scrubber 
was deflected by the different velocities of the gas, so that a continu- 
ous varying regulation of the quantity of water and speed of rotation 
was required to maintain a uniform rain. In spite of the most care- 
ful regulation, however, the column of gas surged from one side of 
the scrubber to the other, the column practically deflecting the drops 
of water. The water distribution was verified by numerous distri- 
bution tests, at different points in the scrubber, 4 in. apart, covering 
the entire diameter, by means of a movable funnel. 

Drain pipes from the bottom of the funnel were brought to the 
outside of the scrubber, where the water was collected in a standard 
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measuring vessel, and the time taken for the water to fill the same. 
The channeling was determined by putting powerful incandescent 
lights and reflectors inside the scrubbers to note the action. The 
lights were so arranged that the inside of the scrubber could be seen 
through a corresponding door placed over one of the man-holes. 
This channeling would tend to keep the gas and water from coming 
in close contact. This is further borne out by the tests in Tables 
1 and 2, showing the difference in temperature of 18.1 deg. between 


TABLE 1 COMPARISON OF DUST DETERMINATIONS 


Grains or Dust PER Cv. Fr. at 62 Dec. Fanr. anv 30 In. Heatine on a No. 4 ScruBBer, 
EquipPep witH Motor-DrIvEN Positive SPRAYING VALVE, COMPARED WITH SIMILAR DETER- 
MINATIONS ON A No. 8 ScRUBBER EQUIPPED WITH SPRAY PIPE AND SCREENS AT Top 


Test No. No. 4 Serubber No. 8 Serubber 


121 0.21716 

122 0. 19695 

123 

124 

116A 0.34640 

117A 0.33208 

118A 0.27540 
0.35895 


Average 2 0.3282 


TABLE 2 COMPARISON OF COOLING WATER TEMPERATURES AND TEM- 
PERATURE OF GAS LEAVING SCRUBBER (TESTS IN TABLE 1) 


No. 4 ScruBBER No. 8 ScrusBBER 


Inlet Water Outlet Gas Inlet Water Outlet Gas 


78.6 79.0 
81.4 78.5 
79.4 79.0 
78.5 78.9 
77.1 79.0 


Average : 79.0 78.9 


Average difference, scrubber No. 4, 4.2 deg. fahr.; scrubber No. 8, 18.1 deg. fahr. 
Average gas per min. through scrubber No. 4, 25,704 cu. ft.; scrubber No. 8, 22,701 cu. ft. 


the inlet water and the outlet gas, against 4.2 deg. on positive spraying 
under the same conditions, except that 3000 cu. ft. more gas per min- 
ute passed through the latter scrubber. 

Our object was to establish a condition of intimate contact between 
the water and gas, and this is shown by the gas entering at a tem- 
perature of 350 to 400 deg. and coming out at the top, at about 4 to 
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5 deg. above the temperature of the cooling water. The upper part 
of the scrubber is sufficiently large to allow any mechanically carried 

ater to fall out before going farther. Our moisture tests, taken on 
he connecting line from the scrubbers to the clean gas main, show 
the moisture in the gas to be on an average of § grain per cu. ft. above 
the saturation point at the temperature of the gas. Each scrubber 
will handle 25,000 cu. ft. of gas per minute, with a water consumption 
of about 815 gal. for the same period. 

This will give 30.6 cu. ft. of gas per gal. of water used. The gas 
enters, from an average of a large number of tests, with 3 grains of 
dust per cu. ft., at an average temperature of 350 to 400 deg. The gas 
in the main delivering to the stoves and also to the Theisens, con- 
tains 0.19708 grains per cu. ft. This figure covers an average of 150 
tests during the past year. We have noticed that the gas delivered 
to the stoves will show traces of moisture when the temperature of the 
air is less than 5 deg. higher than the temperature of the gas. If the 
temperature rise is greater, we have no deposition, showing that the 
gas is comparatively dry. 

The gas, after leaving the Theisen, contains an average dust con- 
tent of 0.00902. This is an average of about the same number of 
tests mentioned before. The capacity of a Theisen is 14,000 cu. ft., 
although more can be put through. The engine builder’s specifica- 
tion, as regards dust in the gas, is 0.025. The Theisens consumed 1 
gal. of water per 56.1 cu. ft. of gas cleaned. As an average for the 
past year, our present practice, however, is as high as 70 cu. ft. per gal. 

The gas-cleaning plant consists of nine tower washers for the rough 
cleaning. This makes a scrubbing capacity of from 250,000 to 275,- 
000 cu. ft. of gas per minute, when the entire plant is in operation. 
The gas from this plant is divided so that clean gas is provided for 
the stoves for four furnaces, and also for 2000 b.h.p. besides the gas 
sent through the Theisen for six gas engines. The gas is delivered 
to the scrubbers, in a brick-lined gas main, 8 ft. 6 in. in diameter, and 
afterward goes through a 10 ft. 6 in. unlined, riveted and calked main, 
extending to the fans.- The gas is passed only through one scrubber, 
then taken through a fan which had been provided, but is not in use 
at present. From the fan it is passed through a spiral dryer, or sep- 
arator, which will tend to remove the mechanically carried moisture 
picked up in the fan, and any dirt which might be thrown out in its 
path through this spiral. 

There are four fans rated at 84,000 cu. ft. of gas per minute ca- 
pacity and driven by a 200-h.p. motor. The reason for not using the 
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fans is that by backing up the pressure in the dirty gas main, sufficient 
pressure can be obtained to drive the gas to the point of combustion. 

The gas is taken from the clean gas main. which is 8 ft. in diameter, 
by the Theisens, each running 375 r.p.m., and driven by a 150-h.p. 
motor. It then passes through another spiral dryer, into a 7 ft. 6 in. 
refined gas main, leading to the gas engines. 

The water for the scrubbers is taken from the main pressure system 
and increased 10 lb. by means of two DeLaval centrifugal lifting 
pumps. The dirt and water from the scrubbers is collected in a 
central sewer and run into a settling basin, provided with baffles 
which will allow the dirt to settle so that it can be recovered. The 
water will be sufficiently clean to go into the river. We catch an 
average of 0.65 per cent of a car load of dirt in the settling basin per 
day. The settling basin is divided into two parts, so that when one 
side is filled, the water can be diverted to the other, allowing the first 
compartment to be cleaned. 

The gas, after leaving the Theisens, passes into the engines through 
a small gasometer. The object of this gasometer is to reduce the 
pressure to about 2 in. before delivering it to the mixing chambers 
of the engines. The gasometers are about 4 ft. in diameter and about 
4to 5ft. high. We have not a large gasometer such as has been used 
in a number of the plants. 

The gas-engine equipment consists of two power engines and four 
blowers. The engines drive 2000-kw. Crocker-Wheeler generators, 
delivering alternating current at 6600 volts. The blowing engines 
operate Slick blowing tubs, and are guaranteed to deliver 33,000 
cu. ft. of air at 62 revolutions, against 223 lb. pressure. 

The cylinders are 42 by 60, with inlet and outlet valves on the side, 
the total horsepower of the engine being given by the builders as 3600, 
using furnace gas containing 80 B.t.u. per cu. ft. and calculated on a 
mean effective pressure of from 55 to 60 lb. This mean effective 
pressure is far lower than we have obtained in some tests, but in most 
of them the thermal value of our gas has been between 90 and 100 
B.t.u. The outlet and inlet valves are operated by noiseless cams, the 
inlet valve being closed by a heavy spring, and the outlet valve by 
compressed air at about 25 to 30 lb. The engines are of a constant- 
mixture and variable-compression, twin-tandem, 4-cycle type. 

The ignition is of the mechanical make-and-break type, with cur- 
rent supplied from storage batteries, two spark plugs being placed in 
the combustion chamber of each cylinder. We have a forced feed 
lubricating system operated by means of Richardson oil pumps. The 
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oil is forced into the cylinder and packing cases. The packing re- 
quires a feed of one drop of oil for every other revolution of the cam- 
shaft while the feed of the cylinder requires one drop every four or 
five revolutions of the camshaft. 

The engines require about 6 to 8 gal. of oil every 24 hours. 
The engines are cooled by means of water circulation, and require 
about 6 to 7 gal. of water per horsepower. The temperature of the 
ingoing water is from 50 to 75 deg., the outgoing from 120 to 160 deg. 
About 20,000 gal. of water per hour is being used. A governor 
of the Lombard design controls the engine, the top of which actuates 
a small pilot valve admitting oil, under a pressure of from 175 to 200 
lb. per sq. in. to a cylinder, against either one or the other end of the 
piston or plunger, about 33 in. in diameter. 

The plunger is connected by means of an arm and lever to a floating 
gear, the main drive of which is taken from the main camshaft, the 
upper part of the floating gear in turn driving a small shaft from 
which a cut-off shaft, running the entire length of the engine, is oper- 
ated. Thiscut-off shaft carries a cam at each mixing valve, disengag- 
ing a hook lifting the mixing valve and allowing it to drop, depending 
on the quantity of gas required to keep the speed constant. By 
means of the operation of this plunger, and the floating or rolling 
gears, this small camshaft is either advanced or retarded in its rela- 
tion to the operation of the main camshaft, allowing the cylinders 
to take either a larger or smaller quantity of the mixture as demanded 
by the load of the engine. 

The speed variation on the power engines is from 14 to 2 per cent 
from no load to full load, while the variation on the blowers is from 6 
to 8 per cent under the same conditions. The governor of this engine 
has been extremely gratifying, the engine responding very quickly 
to its action. Our revolution recorders on the blowing engines show 
very few variations. The compression pressure at full load is about 
200 lb., the release pressure about 15lb. The temperature observed 
in the exhaust line is about 850 deg. on full load. 

The average thermal efficiency for the last six months of 1910 was 
24.15 per cent on an average load of 1372 kw., and gave an aver- 
age B.t.u. per i.h.p. of 10,529. This was only 55 per cent of the rated 
full load. At a nearer rated full load the gas power engine showed 
the following as an average: Average load 3030 b.h.p.; percentage 
of rated full load 84 per cent B.t.u. per i.h.p. 8244, or a thermal effi- 
ciency per i.h.p., of 30.9; rated full load 3600 b.h.p. The maximum 
load noted on the engine, lasting continuously for a period of three 





1086 LARGE BLAST-FURNACE GAS-POWER PLANTS 


minutes, was 3300 kw., no drop in speed being noted at this load. 
This load would correspond to 4807 b.h.p. or 5741 i.h.p., giving an 
apparent overload of 33 per cent above the builder’s rating and a 
mechanical efficiency of 83.7 per cent at this total load. This, how- 
ever, was all due to the increase in B.t.u. value of the gas, but shows 
the engine to be capable of more power if the conditions are favorable. 
Unfortunately, we have no records of the thermal value of gas at this 
time, but from periods before and after, the value was quite high, 
which evidently accounts for the increased power. 

The engines are cleaned only about once every two months, and 
about 4 or 5 lb. of dirt scraped off the cylinder and piston heads. We 
have not as yet had to stop an engine especially to clean the cylinders 
and pistons, but do so when we stop to clean the cooling jackets, 
which become clogged up with mud and leaves, due to the poor con- 
dition of our river water. The dirt removed from the cylinders and 
piston heads is a whitish deposit which seems to be held in position 
by carbonized oil. The cylinders are blown off about once every 
six hours, allowing two exhaust charges to pass through a blowing- 
off port, located at the bottom of the cylinder. 

An analysis of the whitish deposit formed on the cylinder and piston 
heads is as follows: 


Ignition loss 
Alkalis 


The engines are started by means of compressed air. At the end 
of each camshaft is located a four-way valve. A 3}3-in. pipe leads to 
the end of each cylinder and admits air through a check valve in the 
side. The plunger of this valve has one port, a key being provided 
on the end of the plunger corresponding to the keyway in the end of 
the camshaft. The plunger is held away from the camshaft ordi- 
narily, by means of a spiral spring in the body of the valve. Before 
starting the plungers are turned until the key corresponds to the key- 
ways in the camshaft. Air is then admitted from one hand-operated 
valve along the side of the throttle valve, at from 60 to 100 lb. pres- 
sure, this pressure overcoming the tension of the spiral spring and 
engaging the plungers with the end of the camshafts. The pressure 
is then admitted to the proper cylinder at the proper time on the 
explosion stroke, the plunger turning in the four-way valve as the 
camshaft turns. The throttle valve operated by the air plunger 
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is then open and the ignition circuit closed, the engine soon acquiring 
sufficient momentum to give an explosion, this pressure preventing 
any air from the starting arrangement entering the cylinder, the engine 
continuing to operate on gas at the desired speed. The air is then 
shut off, the spiral spring disengages the plungers of the air starting 
valve from the camshaft, the valves thus remaining stationary while 
the engine is operating. These operations can all be performed very 
easily by one man, in less time than it takes to explain it. 

In the power house, for operating two engines, the governor pumps 
and oil tank pumps, and attending to the water screens and oil filters, 
five men on each turn are required. On day turn one additional man 
is provided for cleaning up. In the blowing room, for operating three 
engines, and attending to the same auxiliary machinery as in the 
power house, eight men are required on each turn, with one clean up 
on day turn only. 

The record of the past six months shows that the gas engines were 
required for 14,580 hr., of which they operated 14,395 hr., or 98.8 
per cent, losing only 185 hr., or 1.2 per cent. Of thisamount94 
hr., 40 min., is charged to the blowing tub drive, the design of which 
has been changed, leaving only 90 hr. and 20 min. chargeable against 
the engines proper, or less than $ per cent delay. During this time 
also two new engines have been put into service, the delay record 
covering every shutdown after the engine is first put under load. The 
No. 5 engine, which was started in November, operated during that 
month 648 hr., with only 4 hr. 20 min. delay, and this was caused by 
a hot cross-head guide. The No. 6 engine, started in March, 
operated the balance of the month, or 526 hr. without any shut- 
down whatever. Of the total delays of 185 hr. before referred to, 54 
were on the two power engines and 131 hr. on the three blowers. 

The engines have been quite free from premature fires and back- 
firing, except when a variation in gas occurred, due to an irregular 
furnace working, and other similar occasions. One instance might 
be mentioned where it was noticed that after the heavy slipping of 
one furnace, the gas power engine back-fired quite violently. Pro- 
vision was made to take an analysis of the gas at another similar 


slip to determine what change, if any, occurred in it. Following are 
the gas analyses: 
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Another sample was taken immediately after this which showed 
the following analysis: 


The dust coming from the scrubbers and collecting on the sampling 
pipe is generally of a steel gray color, shading to red. The weigh: 
of dust per cubic foot seems higher in the gray, than it does in the red 
samples. This deposit seems to carry through the entire system and 
is seen at the top of the stoves and at the top of the boiler stacks. 
A determination was made to find what quantity passed through the 
system without being deposited, and it was found to be 25 per cenit 
of the dust recorded at the gas-cleaning plant. In the bottoms of 
the stoves and in the combustion chambers of the boilers, this white 
deposit, which appears as an impalpable powder, collects, and has 
the following analysis: 


The question of installing gas engines is a problem to be determined 
by the consumers whose fuel is expensive. They should be located 
so that the value of the furnace gas saved can be recovered through 
electric power by replacing steam, or supply other facilities. 

In case there is no coal consumed, and the operation is conducted 
wholly from power supplied by blast-furnace gas through steam, a 
gas-engine installation might not be advisable, nor would it be advis- 
able to install gas-blowing engines thereby getting better fuel economy, 
if no provision is made to use this additional fuel saved. The price 
of coal is also a great factor in the entire problem, as under most favor- 
able conditions it might be supplied at such a price per ton as to make 
its use less expensive than a gas-engine operation. A blast furnace 
will supply sufficient fuel to operate itself, besides having some excess 
gas, and unless a market is found for this excess besides the additional 
gas obtained by the installation of gas-blowing engines, it would not 
be considered advisable to install gas engines. Ontheother hand ifa 
blast-furnace plant is so located in connection with steel works where 
large quantities of coal are being fired, it becomes an economic proposi- 
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tion to replace this coal, provided its cost will so warrant. After 
all it is for the engineer to solve the problem himself after taking all 
his resources into consideration. 


Avex. L. Horsr.! The plant of the National Tube Company 
at McKeesport contains two Allis-Chalmers twin-tandem, four-cycle 
gus engines, with cylinders of 32 in. diameter and 42 in. stroke. 
Each engine drives a 1000-kw. Crocker-Wheeler direct-current gen- 
erator, 250 volts at 110 r.p.m. The first engine was started with 
the load on October 27, 1907, and the second on September 23, 
1908. They operate in parallel with four Allis-Chalmers steam 
units driving 624-kw. Crocker-Wheeler generators. Many difficulties 
were encountered in starting the plant, which interfered with the suc- 
cessful operation of the engines, and for a time the situation was 
somewhat discouraging. Many changes were made, most of them 
comparatively slight, and many experiments with different methods 
of operation. The result is that today and for many months past 
the gas engines have operated as regularly as any other unit in the 
plant. Some of the details which gave trouble and which were 
changed at this plant are operating successfully at other plants. 
This may be due to the difference in service or slight differences in 
material. The following are the principal changes made: 


a Piston cooling water system changed from swing joint to 
telescope. 

b Spark plugs changed, vertical instead of rotary motion, 
resulting in a simpler plug, which can be used, however, 
only on top of cylinders. 

c Gearing driving lay shafts changed from worm to spur gears. 

d Connections between exhaust valves and mufflers provided 
with expansion joints. 

e Pistons changed from cast iron to steel. Also changed 
slightly in shape on the ends. 

f Design of piston rings changed to eliminate the keeper which 
held the rings in place. The cylinder cutting which re- 
sulted in the bushing of three cylinders is attributed in 
every case to trouble with these keepers. 

g Piston rod packing rings have been changed from cast iron 
to babbitt except the first, or “firing” ring. 


‘Steam and Hydraulic Engineer, National Tube Works, McKeesport, Pa. 
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h A slight change made in design of exhaust valve chambers 
to prevent internal strains in casting. 

It is believed that engine No. 1 was the first of its size to be turned 
out by the builders and some such changes are to be expected in any 
new machine. As indicating the manner in which the engines oper- 
ated after the various changes had been made, figures will be quoted 
from the operating records for the year 1910. 


OPERATING RECORDS OF ENGINES 


The total number of hours per year is 8760 and of this possible 
number the No. 1 engine ran 7851.5 hr. or 89 per cent. There were 
four months when no delays were charged to the engines. The max- 
imum charge was 40 hr. 45 min. in February and the minimum 40 
min. in January. 

The load factor is known for seven months of this year, beginning 
with June. It was found that the meters were not correct and the 
figures for the first five months are not used. The load factor for 
the seven months averaged 81.6 per cent. The maximum was 86.06 
per cent in November and the minimum was 77.23 per cent in July. 

The No. 2 engine ran 8015.5 hr. out of a possible 8760 hr., or 91 
per cent. The load factor for this unit averages 79 per cent for the 
the twelve months. The maximum was 86.06 per cent in Novem- 
ber and the minimum 67.89 per cent in August. There were six 
months when no delays were charged to the engine. 

The gas engines are operated on Sunday in preference to the steam 
units, which are supplied by coal-fired boilers, and this helps to hold 
up the load factor. 

The two engines use about 15,000,000 gal. of water per month which 
amounts to 12.4 gal. per kw-hr., or 61.9 gal. per 1000 cu. ft. of gas used. 
The jacket water is discharged at temperatures ranging from 120 to 
140 deg. fahr. and no use is made of it at present except in winter, 
when a part is further heated by passing through a coil in the exhaust 
muffler and is used to heat the shops. 


GAS-CLEANING PLANT 


The blast-furnace plant at McKeesport consists of four 500-ton fur- 
naces producing bessemer pig iron for the manufacture of tubular 
goods. The gas mains from these furnaces are all connected into one 
system. To this system is connected the main leading to the gas- 
cleaning plant so that the surplus from any or all of the furnaces 
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can pass to the gas engines. The arrangement of the dust catchers 
differs at each of the four furnaces, but includes in all cases a large 
dry dust catcher into the top of which the downcomer passes and from 
the sides of which, at various angles, pass gas mains to the stoves, 
boilers, ete. These branches are equipped with water seal valves 
so that they can be cut off from the system for repairs or other pur- 
poses. 

Dry dust catcher No. 1, on the gas cleaning system, is 35 ft. in 
diameter inside the plates and about 32 ft. total height. It has a 
41-in. brick lining throughout. Two 6-ft. diameter gas flues, which 
form the connection between the general gas system and the gas- 
cleaning system, enter the dust catcher tangentially near the top, 
giving to the entering gas a rotary motion which lengthens the dis- 
tance to be traveled between the inlet and outlet and also causes 
some centrifugal effect which aids in separating out the dust which 
falls to the conical bottom and is kept out of the outgoing gas current 
by a series of baffle plates. A short distance above the tops of these 
plates and at the center of the dust catcher is the lower end of the 8-ft. 
diameter outlet flue which is supported by a series of diagonal rods 
running to the upper edge of the dust catcher. This flue passes up 
and out at the top, where it makes a 90-deg. bend and crosses the mill 
yard to dry dust catcher No. 2, entering it tangentially near the top. 
It is reduced to 6 ft. in diameter at the point of attachment for con- 
venience of construction. This flue is not lined. 

Dust catcher No. 2 is the same size and construction as No. 1 
except that it is not lined and has but one inlet connection. These 
two 35-ft. diameter dry dust catchers and the connecting flue, 8 fi. 
in diameter, were made large not only to reduce velocities so that the 
dust would setile out, but also to provide large radiating surfaces for 
the dissipation of heat which otherwise would have to be carried off 

by additional water supplied to the Zchocke washers. As the tem- 
perature of the gas leaving the top of the furnace will average about 
550 deg. fahr. and the temperature of the gas leaving dust catcher 
No. 2 will run about 365 deg. fahr., it is evident that this dissipation 
has been accomplished. With two engines at full load the velocity 
of the gas in the 8-ft. connecting flue will not exceed 135 ft. per min. 
It should be explained here that this connection was designed for twice 
the engine capacity now in use but even with this increase the velocity 
would be very low. 

From the top of dust catcher No. 2 the gas passes into a horizontal 
overhead flue 8 ft. in diameter from which two vertical branches are 
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taken, which act as supports and also as downcomers to deliver th« 
gas into the lower portion of two Zchocke spray towers. These tower: 
are each 14 ft. in diameter, 42 ft. high and are water-sealed at the 
base. They consist of a cylindrical steel shell with circumferential! 
angles at intervals, which support a series of wooden baffles, the 
function of which is to break up into small streams and thoroughly 
mix the gas which is rising from the bottom and the water which is 
falling from the top. The water is supplied to each tower through 
30 stationary spray nozzles, so arranged as to deliver a fairly uniform 
rain over the entire area of the top baffle. These two towers were 
designed to work in parallel, but it has been found possible to operate 
with only one in service. The gas enters the base of the tower at a 
temperature of about 365 deg. fahr. and with a dust content of 33.5 
mg. per cu. ft. (0.517 grains per cu. ft.), and leaves the top at a temper- 
ature of 75 deg. fahr. with a dust content of 4 mg. per cu. ft. (0.062 
grains per cu. ft.). The downcomers from the tops of the towers 
connect at ground level with a water-sealed U-tube, which conducts 
the gas to a third Zchocke tower or, through a by-pass, direct to the 
Theisen rotary washer. The plant is operating at present through 
this by-pass with the third spray tower not in use. 

The rotary washer is of the usual Theisen construction, the rotating 
part being about 8 ft. mean diameter and 10 ft. long. It is driven 
by a 111-D Crocker-Wheeler motor, 150 h.p. at 300 r.p.m. By meas- 
urement when washing gas for two engines the power required was 
found to be 300 amperes at 220 volts. 

The gas leaving the Theisen washer is practically free from dust, 
a 100-cu. ft. sample containing 0.15 mg. (0.0023 grains per cu. ft.). 

From the Theisen washer the gas passes through a water separator, 
4 ft. 6 in. in diameter and 13 ft. 1 in. high to a 50-ft. diameter gas 
holder, of 50,000 cu. ft. capacity. The gas holder is by-passed so that 
the engines can be operated with the holder out of commission for 
painting or repairs. From the holder the gas enters the 42-in. diam- 
eter clean gas main which conveys the gas a distance of about 1100 
ft. to the gas engines. 

The water for the gas-cleaning plant averages 105.7 gal. per 1000 cu. 
ft. of gas washed. This includes the water used in all parts of the 
cleaning plant. 

It is very evident from the experience at this plant that it is quite 
possible to have a large gas engine operating on blast-furnace gas give 
perfectly satisfactory service, carrying its full share of the load about 
as regularly as any of the steam units. 
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Satisfactory as this service has been it does not prove that the gas 
engine is necessarily the best type of prime mover for such locations. 
At the time these engines were installed, the low-pressure turbine 
was only faintly visible on the horizon and no question was raised as 
io the advisability of installing the gas engine. At the present time 
the conditions are: very different. The turbine has been developed 
until it is a very efficient and reliable prime mover, and the engineer 
cannot ignore it in figuring on new installations. 

Without being able to present figures at this time to support his 
position, the writer believes that in the Pittsburg district under exist- 
ing conditions as to prices for coal, turbines, gas engines and labor, 
a complete steam plant from gas-fired boilers to low-pressure turbines 
can be installed and operated to produce a given amount of power for 
less money than would be required through a gas-engine plant. This 
would be due to lower first cost, lower attendance charges and lower 
repair charges on the steam plant. It is assumed that proper inter- 
est and depreciation charges are made to both plants. 


H. J. Freywn had not prepared a written discussion, but spoke at 
length in advocacy of the large gas engine, indicating the remarkable 
performance of large gas power plants in this country at this present 


time and calling attention to the fact that in Europe, where the devel- 
opment is several years ahead of that in this country, many of 
the difficulties which we are now encountering have been entirely 
done away with. He considered that figures like 95 to 99 per cent for 
running time, such as have been given by previous speakers, were 
highly creditable and that they compared favorably with figures for 
continuous operation in any type of plant, either steam or gas. 

He referred to an inspection visit to Europe of an official of the 
Illinois Steel Company who found the most surprising development 
to be that of the gas engine and Mr. Freyn himself had made a trip 
last year for the first time in four years and was surprised to see how 
well large gas-engine installations were operating. The blast-furnace 
gas engine was started in Europe about 1898 and five or six years ago 
at a meeting like that at which he spoke there would have been 
exactly the same complaints about cylinders cracking, piston rods 
breaking and all kinds of troubles; but over there today there is 
practically nothing heard about these troubles for the reason that 
they have been overcome. The gas engine in America cannot be as 
far advanced as in Europe because only four or five years have elapsed 
(since the first large 4-cycle engines were installed and operated. 
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Nevertheless, these engines are today operating at 95 per cent of 
their running time. 

Mr. Maccoun appeared to think that gas-engine cylinders were 
successful only in the smaller sizes. Mr. Freyn called attention to the 
fact that abroad cylinders are used 48 in. in diameter by 55-in. stroke, 
these engines running from 80 to 90 r.p.m.; and he had himself seen 
a twin-tandem double-acting 4-cycle engine of 4000 h.p. in operation 
with blast-furnace gas. As to piston rods, he took issue with Mr. 
Maccoun regarding the difficulty of designing rods strong enough io 
withstand the terrific strain. The diameter of our rods is made from 
30 to 33 per cent of the diameter of the cylinder; that is, engines have 
recently been built with 44-in. cylinders and 15-in. rods. In Ger- 
many, with similar engines of about the same size, the diameter. of 
the rods would not be more than 26 or 28 per cent of the diameter of 
the cylinders. He had found nickel steel rods over there containing 
as much as 5 per cent nickel which would be considered a prohibitive 
amount in this country as breakages would be feared. 

Then in the matter of workmanship he believed America was not 
up to the European quality as he had found engines working satisfac- 
torily abroad upon which there were details of construction exactly 
like those which had given trouble in this country. 

As to cast-steel or cast-iron cylinders, there are many troubles en- 
countered in this country with cylinders cracking. The solution here 
seems to be sought in cast-steel cylinders. Abroad not a single 
cylinder of that kind can be found, even in the 48-in. diameter size. 
The reason so far as he could judge is that foundry practice over 
there is a little bit different and better than here, including the selec- 
tion of the iron and the method of casting. It is held over there 
that while the modulus of elasticity of steel castings is much higher 
than of cast iron, the coefficient of elongation by temperature is not 
much higher, so that the product of these two valves, which Professor 
Langer calls the “Mater‘al-Ziffer,” is about four times as high for 
cast steel as for cast iron, whereas the strength of the former mate- 
rial is hardly three times that of the latter. The lower this ‘“Mate- 
rial-Ziffer,’’ however, the better the casting and the less danger of 
cracking of the cylinder. The same is irue of cast-steel pistons. He 
had found 48-in. cast-iron pistons in use abroad without cracking. 
Mr. Freyn believed that the packing for piston rods as designed in 
America was superior because European packings are very compli- 
cated. 

While the speaker used to be a stanch adherent of the constant-com- 
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pression stratification principle for governing, he did not now advocate 
it and referred to the perfect running of engines under variable com- 
pression, such as the Snow engines at Duquesne which Mr. Diehl 
had described. In Europe the prominent builders are using nothing 
but butterfly valves for throttling the gas and air and are getting 
remarkable results. The valve gear is so simple and cheap that no 
relais-governor is required because it has but little work to do. 
They are able to run 50-cycle generators in parallel without cross- 
currents or other difficulties. 

Mr. Freyn believed that remarks which had been made on the cost 
of installation were in error. He and Chas. J. Bacon, steam engineer 
of the Illinois Steel Company, had taken up the question of the rela- 
tive cost of gas power and steam power plants, and while their con- 
clusions were reserved for the report to their company, he could say 
that figures such as had been quoted of $125 per kw. were not found 
at all in actual installation in steel plants. While the cost of instal- 
lation is unquestionably higher than for the steam turbine or for a 
steam engine, the result would compare very favorably when taken 
in connection with the high commercial efficiency of a gas engine. 
He appreciated that coal was low in price in American steel works 
districts but believed the price was bound to increase as it had in 
the past, as for example in Chicago, where it could be had for $1 a 
ton a few years ago and today costs 60 per cent more. This increase 
would come on gas engines, steam engines or steam turbines alike, 
but if the gas engine is able to use only one-half the quantity of fuel 
of the steam turbine, the increased fuel cost would not affect it as 
much as the steam turbine. 

It was interesting to note in connection with the cost of repairs that 
abroad this charge is materially lower, not on account of cheaper labor 
alone, but because of lack of repairs, and that the troubles we have 
had here are none of them such as it would not be possible to over- 
come by proper design, workmanship and material. He was pleased 
to state that so far as gas cleaning was concerned, we are ahead of 
European practice. 

Referring to operative conditions at the South Chicago plant of the 
Illinois Steel Company, upon which he had presented a paper before 
the Society in 1910,! he said the Theisen washers had kept their excel- 
leni efficiency of 98 and 99 per cent, regardless of the quantity of 
dirt or quality of gas. Recently one of their furnaces had been mak- 


' Trans. Am. Soc. M. E., vol. 32, p. 369. 
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ing ferro-silicon which produced a great amount of dust in the gas of « 
quality almost impossible to remove by the washing process. Thx 
efficiency of the wet scrubbers dropped from 85 to about 50 per cent, 
while the efficiency of the Theisen washers kept at approximately 
98 or 99 per cent. There is no trouble with dirt in the gas. Their 
engines had not been cleaned even once a year. The other day he 
had pulled out a cylinder head on one of their oldest blowing engines 
and found it to be polished like glass. Almost no carbon was to be 
seen and the dirt deposited in the cylinder head, on the piston and in 
the counter bore, was all-told not a handful. The gas of the Ameri- 
can blast-furnace plants is now cleaned so that it contains only about 
one-half the amount of dust allowed by the requirements of gas-engine 
builders. 

The question of oil consumption was brought up in connection with 
cost of operation and he instanced a case where the Horton oiler, de- 
signed by the engineer on plant efficiency at Homestead, and which 
operates on the principle of injecting oil onto the piston and into the 
cylinder, by means of compressed air, had made a remarkable saving 
in the quantity of oil. 

Mr. Diehl had mentioned the danger of gas-blowing engines fail- 
ing suddenly on account of the failure of the ignition. When the Gary 
plant was started no provision was made for a proper ignition system. 
The ignition current came from the general lighting system and a 
motor-generator set transformed the regular current in the plant to 
whatever voltage was necessary for ignition. Soon, however, a 
very reliable, independent storage-battery ignition system was in- 
stalled and shutdowns due to failure of ignition current have since 
that time been withdrawn. He would advocate an independent 
storage battery for any gas installation to insure reliable operation. 
With such an installation there is no possibility of the ignition system 
of the whole station failing. In the plants of his company they 
always run three blowing engines to supply two furnaces, by splitting 
the supply from one engine. If local ignition troubles arise, there 
is still one-half of the other engine running to keep the gas out of the 
blowing cylinders. Also, by connecting the cold blast pipes of the 
various furnaces by a small pipe 6 in. in diameter and having 6-in. 
valves inserted in these connections, it is always possible to get pres- 
sure from the other furnace onto the one on which the blowing engine 
went down. By this small pipe line one is able to by-pass air from 
the other furnaces and keep the gas out. This is being done abroad 
and the speaker considered the gas-blowing engines today so safe 
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that he would not hesitate to have a large engine of 40,000 cu. ft. 
capacity blow one furnace by itself. 

In connection with the question of efficiency he had found that the 
subject of utilization of waste heat from gas engines had made much 
headway in Europe. If the heat from the exhaust and the cooling 
water could be recovered, as in fact is now being done, the amount 
of energy saved would be considerable. Tests on a plant in Belgium 
showed that 13 per cent could be obtained from the waste heat in the 
exhaust and cooling water, generating low-pressure steam with this 
waste heat and using it in low-pressure turbines. 


E. FRIEDLANDER.' The discussion has brought out the fact that 
the application of modern American steam-engine practice to the 
blast-furnace gas engine has finally made it a reliable prime mover. 
Up to this time, however, a large part of the saving in cost of fuel 
which it accomplishes has been consumed in the operation and main- 
tenance of these engines. That the recent improvements in the de- 
tails of these engines which Mr. Maccoun has described will greatly 
reduce this factor, is borne out by the fact that maintenance last 
year was but one-half of the previous year, and it is reasonably to 
be expected that such improvements will continue. 

A periodical inspection, cleaning and overhauling will be necessary 
so long as there is excessive dirt in the water, air or gas, which may 
cause deposits to accumulate on the cylinders. If this is not done 
at least twice a year, operation will probably become very unsaiis- 
factory and the damage that may finally result will far exceed the 
expense of timely inspection. 

The blast-furnace gas engine has a strong rival in the low-pressure 
steam turbine working in combination with the reciprocating engine. 
The low-pressure turbine may be considered as also belonging to the 
class of prime movers giving us power for nothing, so to say. This 
places under comparison reciprocating steam engines, high, low, or 
mixed-pressure steam turbines and blast-furnace gas engines. There- 
fore, in comparing these different prime movers from the operators’ 
point of view, I would like to bring out some special features which 
are under discussion. 

The present largest gas-power unit of about 3000 k.v.a. capacity 
is not large enough for power stations of any magnitude. In order 


‘ Supt. Elec. Dept., Edgar Thomson Steel Works, Carnegie Steel Co., Brad- 
dock, Pa. 
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to reduce cost of installation, operation and up-keep, units should be 
as large as possible. A number of 5000-kw. turbine units are being 
replaced today by 20,000-kw. units, and the resultant economy in fuel 
and operating costs will pay for such an investment in a short time. 

The very large floor space taken up by these gas engines is also a 
serious objection raised by central station men where they must con- 
tend with a high cost of real estate and consequently the buildings 
to contain them. This should induce the engine builders to make 
their engines of as large capacity as possible. I do not see any objec- 
tions to running them faster than Corliss engines of the same size. It 
is not the inertia of a flywheel, shaft, piston and rod, which limits the 
speed of such large engines, but the wear and tear of the valve gearing 
which in the case of gas engines is much lighter in weight and moves 
only at half the speed of steam engine gears. 

In order to facilitate the periodical inspection, cleaning and over- 
hauling, the engine must be constructed with this point in view. 
Each partshould be above the floor, and easily accessible, and it should 
not be necessary to remove a mass of machinery to get at certain 
parts. 

The arrangement of main and cross-head housings, cylinders, etc., 
should make them self-contained and perfectly aligned; male and 
female fits of large diameters should be provided, so that all parts 
when separated will go back exactly in line without depending upon 
bed plate, foundations, or reamed and fitted bolts. 

The overload capacity of prime movers in electric central stations, 
especially of turbines, is always taken into consideration in figuring 
on the station capacity, and plays an important part in reducing the 
cost of the current generated on account of the small investmeni 
necessary for steam stations to deliver a given maximum load, whereas 
an internal-combustion engine may be looked upon as not possessing 
any overload capacity whatsoever. Again it has been observed thai 
gas engines are very slow in taking their proportionate amount of 
load under fluctuating load conditions, and always lag behind the 
other prime movers, especially turbines. This is partly caused by the 
extra time required to take in the charge, compress and explode ii. 
A powerful relay governor should be arranged to reduce this lag 2s 
much as possible. 

I strongly recommend using steam turbines in connection with gzs 
engines in large central gas-power plants. These turbines can fur- 
nish overload or peak current, together with all the necessary wattless 
current. 
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Where an abundant supply of clean and pure water is available, 
no trouble should be encountered. In the Pittsburgh district, 
however, more shutdowns and delays are chargeable to inadequate 
cooling than to any other cause, due to the local conditions rather 
than to faults in materials or design. The water available for circu- 
lating through the engine jackets is mostly muddy and gritty and 
contains from 1 to 8 grains per gal. of free sulphuric acid and iron 
sulphate. This mixture will attack any material, especially steel forg- 
ings and piping. Therefore, all the water piping should be made of 
brass or copper, or the larger sizes of cast iron. Malleable iron 
fittings should not be used. All forgings, such as piston rods, valve 
stems, etc., should be lined with non-corrosive tubing. The abrasive 
matter in the water will wear out any metal if speed of travel is 
high. It is necessary to make all water passages large to allow mud 
to settle and to avoid high rates of flow. The sediment in our 
circulating systems has to be removed at regular intervals by means 
of hydraulic or steam pressure. If this is neglected, the engine will 
overheat and cause trouble in the operation and finally serious delay. 

Ignition has given very little cause for complaint. If wiring is 
properly installed in sealed steel tubing with standard porcelain-lined 
outlet boxes and if all grounds are avoided by installing separate 
generators and batteries for this work, so that one will automatically 
take the place of the other whenever necessary, not a single shutdown 
need occur on account ofigniters. There should always be three ignit- 
ers evenly spaced at each end of a large cylinder, so that the failure of 
one or even two of these igniters will not affect the operation of the 
engine. ‘The mechanical make-and-break system with forged steel 
contact points requires the least attention and excels the electro- 
magnetically actuated igniters. Each igniter should be wired up 
independently of the others with its own fuse of at least four times 
the normal current capacity. A main fuse of four times larger 
capacity than the individual fuse and a tell-tale ito ‘indicate the 
working of each igniter should be provided. 

The igniter plugs can act as safety valves for regulating the per- 
‘ missible maximum pressures in cylinders by holding them to their 
seats by means of heavy compression springs. Such an arrangement 
would probably prevent a serious break when water fills up the clear- 
ance space in a cylinder. 

The lubrication of gas-engine cylinders has not been generally 
satisfactory. The manner of admitting the oil into the cylinders is 
just as important as the quality and quantity used for lubrication. 





1100 LARGE BLAST-FURNACE GAS-POWER PLANTS 


The oil cannot be vaporized with the charge, as in steam engines, 
but must be spread over the cylinder walls. This is preferably accom- 
plished by pumping it in with the charge, or as soon as possible after 
the scavenging of cylinders, and spreading it during the compression 
stroke, so that the cylinder will be ready for the power stroke. In 
no case should oil be admitted during the explosion stroke and it 
should not drop on the piston as soon as it enters the cylinder, but 
be given time to run down on each side before it is spread over th 
walls by the piston rings. 

It has been found very satisfactory to provide two holes in each end 
of a cylinder, located in the top half about 40 to 60 deg. apart. This 
location does not permit oil to drop off to the bottom nor does it leave 
a dry spot on top between oil holes. This method of oiling has been 
adopted in our 40 in. by 54 in. Westinghouse twin-tandem double-act- 
ing engines, running at 78 r.p.m., and at no time during its service of 
over three years has any cutting of the cylinder walls been observed. 
In fact, the original tool marks have not even been worn away. 

It is not always an easy matter to locate the cause of misfiring and 
requires some experience in the handling of internal-combustion en- 
gines. It is quite important that the engineer should be familiar with 
the different causes for misfiring, so he may prevent them if possible. 

The calorific value of blast-furnace gas changes often and requires 
a different amount of air to be added to the charge. Every possible 
means should be provided to enable the operator to detect in time any 
radical change in the gas, so he can change the ratio of gas and air, if 
the valve gearing is designed to make such a change easily and quickly. 
Otherwise he can only reduce the load on the engine until the supply 
of gas is normal again. Poor gas will burn slowly and is liable to 
ignite the successive charge, causing a backfire, that is, an explosion 
on the suction stroke back into the air and gas passage. This will 
seldom cause any other harm, but tends to slow down the engine. 
Too rich gas, dirty explosion chambers, leaky valves, too muchoil, 
eic., can cause backfiring. It is easily detected by the loud report 
and large volume of smoke produced. 

Pre-ignition of charges, or so-called prematures, are much more 
serious and should never be allowed to occur for any length of time. 
They cause excessive strains in cylinders, overheated pistons and 
cylinder walls, and are liable to loosen joints. An excessive amount 
of hydrogen in the gas, igniting at lower temperatures, is often the 
cause of prematures; but leaky piston rings, hot cylinders, etc., may 
also cause them. If they occur repeatedly, the cylinders should 
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immediately be cut out alternately until the trouble is located. 
These prematures are explosions during the compression siroke after 
inlet and exhaust valves are enclosed, without the aid of igniters, and 
are not to be confused with backfires. 

If all valves are tight, the prematures should produce no visible 
effect except the rapid slowing down of the engine and heavy pound- 
ing. 

Such actions as described tend to show thai the successful opera- 
iion of blast-furnace gas engines is dependent upon the gas. Any 
appreciable change in the calorific value, temperature or amount of 
moisture or dirt, will directly affect the operation. 

Ii is of great importance to keep gas uniform and to do this all 
furnaces should feed their gas into a common line, as far as possible. 
The analysis of average furnace gas shows about 24 per cent CO, 12 
per cent COs, 2 to 3 per cent H, 60 per cent N. 

In concluding, I wish to emphasize the fact that I have purposely 
spoken rather pointedly of some of the imperfections from which the 
large gas engine has previously suffered in order that this experience 
may contribute to the successful future of the gas engine. Mr. 
Maccoun has also very frankly discussed certain necessary improve- 
ments in the design of the large gas engine, and I have attempted to 
dwell upon many of the important facts which must be observedin 
order that successful operation may be insured. Such a develop- 
ment has not been peculiar to any one make of engine, but it has been 
more or less common to all of them. Some of the engines most re- 
cently installed have obviously had the benefit of experience obtained 
in the operation of preceding installations. But in spite of what has 
just been said, we have every reason to believe our plant records are 
fully comparable, on the average, with any other large blast-furnace 
gas-engine installations, and that they are possibly much better than 
some of them. No special periods where unusually good records were 
made have been selected in this case, nor any special consideration 
taken into account. It is, on the other hand, the actual result over 
the entire period of the year. 


CONTRIBUTED DISCUSSION 


W. Trinks. Referring to Mr. Maccoun’s discussion, I cannot 
agree with one of his remarks, namely, that the practice of increas- 
ing the horsepower of gas engines by increasing their rotative speed 
should not be recommended. I disagree with him in this respect 
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for several reasons. First, it is argued that slow rotative speed is 
conducive to economy. Of course, it is possible to chase after th« 
last amount of economy in the gas engine by avoiding the throttling 
losses through the inlet and outlet valves, and by reducing friction 
work to a minimum by the adoption of long stroke and slow rotativ: 
speed. By this means we obtain an ideal engine but one upon 
which the price is prohibitive. The gas engine would then be in 
the same position as the triple and quadruple expansion steam 
engines are today. These latter engines are more economical than. 
the compound engine but they are not built except under very 
exceptional circumstances, namely, when highest economy is of para- 
mount importance. 

As already mentioned by Mr. Freyn, the slow-speed blast-furnace 
gas engine is two and one-half times as economical as the steam engine 
or the steam turbine, and we can well afford to sacrifice some of this, 
if by so doing we can reduce the first cost of the engine consider- 
ably. 

I believe that Mr. Arthur West has been the foremost fighter for 
higher piston and rotative speeds, but there are others following very 
closely on his heels. 

After it has thus become evident that these speeds will make it 
possible for the gas engine to compete successfully, even in places 
where coal is cheap, a word should be said about the supposedly 
detrimental features of high speeds. 

I disagree with the engineers from the various plants of the Car- 
negie Steel Company and the National Tube Company who have 
mentioned the trouble of up-keep and maintenance in gas engines and 
have made that a key-note for advocating lower rotative speed or 
for abandoning the gas engine altogether. High speed in itself is 
not detrimental unless the machinery is so designed as to be unfit for 
such speeds. I recollect with pleasure looking at engines of 2000-kw. 
capacity built by Bellis and Morcum of Birmingham, England, which 
ran at 200 r.p.m. The fact that they were steam engines does not 
alter my point. They were taken apart after three years of operation 
and the tool marks were still visible in the bearings, crank and cross- 
head pins and on the guides. The wear of the piston rings also had 
been exceedingly small. Now if such behavior is possible in England, 
why not here? The engines which I speak of had forced lubrication; 
oil was pumped through the bearings automatically and kept the sur- 
faces from touching. We all know there is absolutely no wear if the 
so-called rubbing surfaces are kept apart by a sufficiently thick film 
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of clean oil. The whole question of design then comes down to doing 
away with the method of lubrication which requires attention on the 
part of the operating crew, and of making it all automatic; of provid- 
ing @ continuous stream, not a few occasional drops, preferably under 
pressure. So far as the valve gear is concerned, there should be no 
trouble, as one of the other speakers mentioned, because it runs only 
at half the speed of the engine. 

I expect some will raise the objections that at higher speeds the 
economy will decrease and there will not be much gain in power 
because the cylinder cannot be filled with gas and air. I recom- 
mend that such critics draw a curve between percentage of brake 
horsepower and average pressure of air and gas in the engine cylinder 
during the suction siroke. This curve will be a revelation to them. 

With regard to piston rods, it has been said that although they are 
now almost of prohibitive size, they are one of the principal trouble 
makers in gas engines. Mr. Freyn has refuted this statement, but 
has not gone far enough. It should be stated exactly what has caused 
these troubles and I should like to draw your attention to one design 
and point out how it is wrong. In this, which I believe it is the one 
to which the speaker referred, there was a hole drilled through the 
top of the piston rod for the purpose of admitting the cooling water 
to the interior of the rod. This was drilled in the place where the 
full tensile stress and the maximum bending stress occur in the rod. 
Of course this is wrong for the reason that wherever there is a hole 
drilled in a tension member, the stresses at its edge are three times 
the regular stresses in the solid material, no matter how small the hole 
is. If the hole is large, even greater stresses are produced on account 
of the smaller cross-section remaining. This drilling of the hole in 
the rod in a place of great stress is, therefore, a mistake of engineer- 
ing; and if, on top of that, a hole is drilled in the shop by a mistake 
at right angles to the first one and afterwards plugged, we have not 
only a mistake of engineering but almost criminal recklessness in the 
shop. This should not be charged against the gas engine in general. 
A gas engine correctly designed and well inspected in the shop will not 
show this error. 

Turning now to the alleged complication of gas-engine valve gears 
with their troubles of maintenance and attendance, I wish to say, in 
addition to the remarks by Mr. Freyn, that we do not have to go to 
Europe to see the builders throw all useless stuff away and simplify 
the engine. In fact, the Westinghouse: Machine Company was 
the first to build a simplified valve gear of the constant-mixture type 
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and the design has been still further simplified by Mr. Ottesen of the 
Mesta Machine Company, who introduced the simple butterfly 
valves which Mr. Freyn praises so strongly in the European engine. 

I am looking forward to higher rotative speeds and simple engines 
without ginger-bread work, but with careful methods of lubrication, 
and I feel that after a couple of years we will look with asort of astonish- 
ment on the enormously large and ponderously moving big engines 
which we now have in the steel works of this section and will wonder 
why we did not build them smaller and of higher speed in the first 
place. 


A. E. Maccoun. Mr. Freyn, like a great many others, in discuss- 
ing the future of large blasi-furnace gas engines in America is very 
optimistic and seems to be inclined to give only the bright side of this 
subject. I have tried rather to give a true history of the actual con- 
ditions met with in this type of prime mover and even though our 
experience, as Mr. Freyn states, was obtained from the first large 4- 
cycle blast-furnace gas engines built in this country, still so far as 
records show, these engines have at least given as good, if not a better 
account of themselves than most of the later engines of this type. 
In the gas power plant operated by Mr. Freyn, I know that most, if 
not all, of the experiences have been encountered which are covered 
by my discussion. In fact, so far as I know there is no large blast- 
furnace gas-engine plant in this country that has not, and therefore 
I do not think Mr. Freyn is quite as frank in treating this subject as 
he should be. I have perfect confidence, however, that most of them 
will be overcome by changes in material and design and my object 
has been merely to present this matter before the Society in its true 
light and to look at the subject from both sides. 

The blast-furnace gas engine unquestionably has a great advantage 
over the steam engine, on account of its greater economy in transform- 
ing heat into useful work, and this advantage is manifestly greater 
when the cost of fuel is high. Mr. Freyn suggests that the price of 
fuel in the Pittsburg district may be increased. If this should be the 
case it will make the gas engine more desirable in this district. 

To compensate for the advantages of the gas engine, any fair-minded 
person must grant there are some disadvantages, such as high first 
cost; large sizes for comparatively small powers; harder duties to per- 
form by its different parts on account of the enormous pressure and 
temperature conditions, due to the explosion principle of the gas 
engine cycle; and necessarily more careful attention and a greater 
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amount of repairs are required than for a steam engine of the same 
type. 

I stated that with the larger size gas engines, for instance cylinders 
of 48-in. diameter, it becomes nearly impossible to design the working 
parts, such as cylinders, piston rods, etc., strong enough to stand the 
strains. Mr. Freyn states this is quite common practice abroad and 
that they make cylinders, pistons, etc. for engines of this size very 
successfully, on account of the better foundry practice. I am sure 
we would all appreciate seeing the drawings of a cylinder of this size, 
made from cast iron, that had proven by time that it was satisfactory, 
and also hearing about the differences in foundry practice here and 
abroad, as these are some of the most vital parts of a gas engine. 

Mr. Freyn states that abroad 5 per cent nickel is used in their 
piston rods and that in this country we would not think of making 
such an expensive piston rod. I think he is entirely mistaken, as we 
would be perfectly willing to use any percentage of nickel in a piston 
rod if we thought anything was to be gained by its use. 

The analysis of the nickel steel rods we originally had was approxi- 
mately as follows: carbon 0.32 per cent; manganese 0.54 per cent; 
phosphorus 0.048 per cent; sulphur 0.024 per cent; nickel 3.11 per 
cent; silicon 0.215 per cent. If Mr. Freyn could give us the analyses 
of the rods he refers to I am sure it would be appreciated. He states 
that abroad they do not have to make their piston rods nearly as 
large as ours, and still get the required strength. In going over many 
German designs, I find just the opposite and very few of their rods 
have a maximum stress on a section of the rod, due to explosion pres- 
sure, of over 5000 lb. per sq. in. 

Regarding the fastening of rods to cross-heads with differential 
nuts, Mr. Freyn also states that they have no trouble from thissource, 
and we would also like to know how this trouble is avoided, as all 
these details are of great interest and value. 

I am glad to hear Mr. Freyn. has changed his views in favor of the 
constant-mixture system and it would also have been of great interest 
to have heard more from him regarding the simple valve gear, consist- 
ing of a light governor operating butterfly valves. 

I fully agree with Mr. Freyn regarding the Snow gas engine; it is 
a splendid machine and Mr. Scott, its designer, deserves the greatest 
credit. But even Mr. Scott was compelled from experience to adopt 
casi-steel cylinders and pistons, and some difficulties have been 
experienced even on this engine with piston rods and other details. 

I am fully satisfied that we can make as good material, and build 
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and design as good a blast-furnace gas engine in this country as can 
be done abroad. It may be that abroad they do not tell us all their 
troubles, or that the duty imposed on their engines is not so severe. 


Jos. Morean. The factof the heat economy of the gas engine over 
the best steam results is established, but as in previous discussion, 
attention must be directed to the whole problem which includes rela- 
tive first cost and interest on plant as part of the total cost of operation. 

When it comes to electrical generators the difference in first cost 
of the small 2000 to 3000 gas-driven units and the much larger modern 
turbine units cannot be ignored. It is asserted that the gas engine 
costs less than is popularly supposed, and that it is being cheapened 
by simpler gas-valve and cut-off gear and by much higher speed in 
blowing engines due to the use of light sheet steel in valves. The 
latter will certainly help the gas engine by increasing its capacity, 
but the gas valve gear is a trifling part of the gas engine. Its greai 
cost is in its massiveness, due to the high explosive pressures it has 
to endure, affecting the heavy parts, the bed, the shaft, the cylinders, 
piston, connecting rod and crosshead. Most of the cost is in these. 

Gas engine driving generators cannot be helped much by increase 
of speed as this has never been limited. Operating superintendenis 
will agree with Mr. Friedlander that a 3000-kw. unit is too small for 
plants intended to generate 20,000 to 50,000 kw. and upward. All 
the economies of operation are in favor of the larger units up to 10,000 
or 15,000 kw. There is a tendency on the part of the gas-engine advo- 
cates to ignore the recent developments in steam plants, the greater 
steam productiveness of the boiler units, with lessened unit cosi. 
Most of all do they ignore the great emergency reserve capacity 
of the steam turbine, in which it is greatly the superior of the gas 
engine. This reserve capacity of the turbine is important in lessen- 
ing the necessary power investment. 

For the last half century the quantity of coal mined has increased 
100 per cent every ten years, and its price is gradually going upward, 
as Mr. Freyn points out. This is recognized in our use of by-produci 
coke ovens which save about 10 per cent of the coal burned to wasie 
in the beehive oven, saving also large amounts of gas, tar and ammonia 
heretofore wasted. Mr. Parker in his report to the U. S. Geological 
Survey for 1909, says: ‘‘ 1,350,000 h.p. is going to waste in the coking 
region of the United States every day in the year. In the Connells- 
ville region the energy from 38,000 ovens exceeds 570,000 h.p. ‘The 
total value lost in the United States by wasteful coking methods is 
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$38,000,000 per annum and the value now recovered is $8,000,000 
perannum.”’ Notwithstanding these facts, works managers have had 
to take into consideration the large amount of capital required to re- 
place beehive by by-product ovens, and have conservatively awaited 
their development with the proof of their capacity and durability. 

This also is the present attitude of many managers toward costly 
vas-engine installations. For generating electricity, disregarding 
first cost, no cheaper prime mover can be found than the water tur- 
bine, but many hydro-electric plants have been built, bankrupting 
the building corporations because their first cost was too great and 
a paying load was not to be found. 

It is to the paying load that attention must be directed. Electric 
current is worth nothing if it cannot be sold and blast furnace gas is 
of no value when blown to waste. There is much exaggeration of the 
possible gain by gas engines. One prominent gas engine building con- 
cern has been industriously circulating a theoretical calculation upon 
the value of power from a blast furnace plant about as follows: 


“For two blast furnaces making 500 tons of pig each daily, coke ton per 
ton, 60 cu. ft. of air per lb. coke, the surplus power available is as follows: 
Power available over furnace requirements and the coal equivalent of same 
based on a load factor of 75 per cent, (a) with compound steam blowing 
engines and steam turbo-electric generators, 10,225 h.p. = 60,600 tons coal 
yearly; (b) with gas blowing gas generator drive, 26,350 h.p. = 85,400 tons 
coal yearly.” 


The accountant not satisfied with this showing proceeds to double 
the coal to 156,000 tons of coal as saved by using a gas engine instead 
of steam engines and coal under boilers to generate an equal amount of 
current. The real saving assuming all the current used is only the 
difference, 85,400 — 60,600 = 25,800 tons of coal, which may be 
largely or entirely offset by the greater operating cost of the gas-engine 
plant. 

Managers of electric plants are well aware how much the load factor 
influences the cost of production, and that the most difficult part of 
the business is to keep the paying load fairly full at all times. Prac- 
tically few plants average over 30 to 50 per cent of their full capa- 
city. Mr. Hoff, Chief Engineer, of Duedelingen, Germany at meet- 
ing of German iron workers, in May 1911, is quoted as saying: ‘In 
twenty-nine German electrical generating plants in steel works an 
average of 38 per cent of the power of the gas plants is utilized.” 
In a plant depending upon the output of furnace gas, for the power 
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developed, at times much of the gas is blown to waste and lost, for 
the gas power must be ai all times equal to carrying the maximum 
load and therefore much of the time when there is no such load, there 
will be a gas surplus wasted. 

The actual kilowatt capacity of the Gary plant, as published, shows 
probably not over one-half the furnace capacity of gas used. The 
load has not yet been built up to full furnace capacity nor can it ever 
be so large unless there shall be a steam iurbo-electric generating 
reserve. 

This leads to the suggestion that what we need to utilize all this 
by-product power is a general public system of transmission lines or 
a sort of electrical power clearing house to take all surplus current 
produced as a by-product by blast-furnace and coke-oven plants, and 
to supply all users of power, whether railroads, manufacturers or 
towns, makers to be credited and users to be charged with current. 
This system would have at some convenient place near fuel and con- 
densing water large reserve generating stations to make up all defi- 
ciencies, which would result in great economies of operation and reduce 
the total cost of installation to the community. In no other way 
can so much of the by-product gas be used to generate power. 


K. D. Dreyrus. It is indeed very fortunate to have operators 
express themselves so frankly on both the good and unsatisfactory 
features developed by the large gas engine in service, and the methods 
undertaken to correct the latter. Mr. Maccoun has typified the im- 
portant changes which have been essential in the designs of the large 
gas engines, and while apparently it has not been expressed in the same 
way for all other plants, it is well known, of course, that they have 
had the same degree of trouble, which may or may not have been so 
completely overcome, or else their final solution is siill in the future 
and not available at present. The exposition of troubles of the more 
or less transient nature described may create a feeling of apprehension 
in the minds of some power users, when on the other hand it should 
really prove reassuring to them on account of their successful correc- 
tion, as pointed out by Mr. Maccoun. 

It seems in truth that the experience of many with the gas engine 
has been that the difficulties met varied, it may be said, as some power 
greater than unity in proportion to their dimensions. This may be 
explained by the greater magnitude of forces and bulk of material 
existing in the larger engines. Smaller units for electric and industrial 
purposes, therefore have not been attended with anything like the 
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same “‘woes’’, relatively, and in consequence, with the ratio of heat 
efficiency of the steam and gas plants increasing in favor of the latter 
with diminishing size of units, there is no question about the small and 
moderate sized gas engine becoming a greater economic factor in our 
in lustries. 

[he preceding remarks obviously exempt engines not well designed 
or 2ecurately built. The large gas engine under the present conditions 
h:s been properly limited mainly to the blast-furnace plant where 
there is a gaseous by-product fuel and particularly where most instal- 
|.:ions have not required a large number of units. In the large plant 
b raing coal at prices obtaining in this country, it is impossible to 
show an advantage with the gas engine in spite its high thermal effi- 
ciency due to the greater economy in labor, operating supplies and 
iavesement realized with the steam turbine. As mentioned before 
this does not hold with moderate and small capacities and in this range 
we will probably find the gas engine will forge ahead rapidly. 





REPORT OF THE PLANT OPERATIONS COMMITTEE 


The Plant Operations Committee has been actively engaged during 
the past year in soliciting operating costs from various gas power 
plants, only a few of which have responded with available data. At 
the present time, one prominent manufacturer is coéperating to secure 
other data, which will probably be submitted later. 

The Committee’s correspondence indicates that during the past 
few years various engineering bodies have devoted considerable time 
to investigating similar data, sending numerous requests for informa- 
tion all over ‘the country, to answer which requires both time and 
expense. They recommend that such investigations shall in future 
be made in conjunction with such other societies as may be interested, 
thus reducing the number of inquiries. 

The following data were submitted by the Plant Operations Com- 
mittee, consisting of I. E. Moultrop, Chairman, J. D. Andrew, C. J. 
Davidson, C. N. Duffy, H. J. K. Freyn, W. 8. Twining, C. W. Whit- 
ing, with the recommendation that the committee be discharged: 


The plants upon which the Committee is able to make a report are described 
n some detail in the following pages and, following each description is a sum- 
mation of their operating costs. In some instances, these cost records cover a 
ew months and, in one instance, a considerably longer period of operation. 

For the purpose of identification, but without disclosing the name or loca- 
ion, the plants are designated by letters. 

It should be distinctly understood that the cost figures are presented as 
hey are furnished by the operators. The Committee has not been in a posi- 
ion to verify or question any of the operating costs which are herein presented. 


PLANT A 


DETAILS OF PLANT 


Producers. There are two 250-h.p. pressure producers, 7 ft. 0 in. inside 
Biameter, with water seal bottoms and 9 in. fire-brick linings, also two wet 
rubbers, 7 ft. 6 in. in diameter by 18 ft. 0 in. high, filled with wooden lattice 


ork. There are two dry scrubbers, 7 ft. 0 in. square by 3 ft. 6 in. high, filled 
ith coarse shavings. 


Presented at the Spring Meeting, Pittsburgh, 1911, of Tue American 
DCIETY OF MECHANICAL ENGINEERS. 
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Gas Engines. There is one 500-h.p. horizontal, double-acting, 4-stroke- 
cycle engine with two cylinders, 23} in. by 33 in., arranged tandem. The engin« 
has three bearings rigidly in line. It runs at 150 r.p.m. and is direct connected 
to an electric generator. It is started by compressed air at 100 lb. pressur: 
and has an electric ignition of the make-and-break type, the source of suppl) 
being a 110-volt direct-current lighting circuit and a motor generato1 set. 


AUXILIARIES 


There are two tar extractors and one blower. 

Details of Operation. The data received covered two complete months 
The plant is run 24 hours per day from 6 a.m. Monday until 12 p.m. Saturday 
night, and the current generated is utilized for light and power. During the 
two months, a total of 308,410 kw-hr. was generated and 35,190 kw-hr. was 
used in the plant, leaving a net output of 273,220 kw-hr. The fuel used is bitu- 
minous coal. The cooling water from the engine is utilized for other purposes 
and is not, therefore, charged to the plant. The cooling and cleaning water 
for the scrubbers is not given. 


COST OF OPERATION 


$0.2576 per net kw-hr. 

Slice anes 0.0000 per net kw-hr. 

WN IIc core scac-d vie 
ee ee 


hin ici anea ees Wht er Rawk RSE ES bk + onan og Te a 
Superintendence net kw-hr. 
Labor, producer room 

engine room 
electrical 


0.2140 per net kw-hr. 
Repairs, producer 
engines 
REE 2s Perper pe Rey ed 


0.0167 per net kw-hr. 
Cee s Ff oe hm 
PLANT B 
DETAILS OF PLANT 
Producers. There is one set of producers of the Loomis-Pettibone type. 
Gas Engines. There is one 500-h.p. horizontal, double-acting, 4-stroke- 


cycle engine with two cylinders, 23} in. by 33 in., arranged tandem. The 
engine has two bearings rigidly in line. It runs at 150 r.p.m. and is direct 
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connected to an electric generator. It is started by compressed air at 240 lb. 
pressure, and has an electric ignition of the make-and-break type, the source 
of supply being a 110-volt lighting circuit. 

DETAILS OF OPERATION 


The data received are for fifteen complete months. The plant is run ten 
hours per day. 


COST OF OPERATION 


Le ee us ; $0.4460 per net kw-hr. 
Water....... er . 0.0879 per net kw-hr. 
Supplies, oil...... icurees 30.0465 

waste, etc........ os ees a 0.0335 


Wbahattekeskivdas rer erent 65 te! net kw-hr. 
Superintendence...... net kw-hr. 
Labor, producer room............. 0.1603 

engine room ... 0.2050 
electrical 


Total .. 0.3653 per net kw-hr. 
Repairs, produced 0.0243 
engines 0.2375 
electrical 


ie ad ates xe ..... 0.2618 per net kw-hr. 





Total cost .. es . 1.2410 per net kw-hr. 
PLANT C 
DETAILS OF PLANT 


Producers. There are two sets of producers of the Loomis-Pettibone type 
and of 2000-h.p. capacity each. 

Gas Engines. There are two 1500-h.p. horizontal, double-acting, 4-stroke- 
cycle engines each with four cylinders, 32 in. by 42 in., arranged twin tandem. 
Each engine has two bearings rigidly in line. They run at 107 r.p.m. and are 
direct connected to electric generators. They are started by compressed air 
and have an electric ignition of the make-and-break type, the source of supply 
being a motor generator set supplying current at 60 volts. 

The information following is taken from the plant’s own forms, as due to 
the supervision of a State Commission they could not use our forms without 
duplicating the work. 
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cost OF OPERATION 
For the Year 1908 


Supplies, oil and waste 
miscellaneous 


kw-h - 
kw-h r. 


kw-hr. 
Repairs, producer 
engine 
electrical 


Supplies, oil and waste 
I hs Scena as optus Wide Sao EAN 0.016 


Superintendence 

Labor, producer room 
engine room 
electrical 


Repairs, producer 
engine 
electrical 


Supplies, oil and waste 
miscellaneous 


kw-hr. 
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Superintendence 

Labor, producer room 
engine room 
electrical 


lotal 
Repairs, producer 
iccst is sae Ui esa eanweeies 
electrical 


lotal 


Total cost . 


PLANT D 
DETAILS OF PLANT 


Producers. There are two 400-h.p. pressure producers, 8 ft. 0 in. inside 
diameter with water seal bottoms and with 9 in. fire-brick linings, and two wet 
scrubbers, 8 ft. 0 in. in diameter by 20 ft. 0 in. high, filled with coke. There 
are two dry scrubbers, 6 ft. 0 in. square by 3 ft. 6 in. high. 

Gas Engines. There are three 250-h.p. vertical, single-acting, 4-stroke- 
cycle engines each with three cylinders, 20 in. by 19 in. arranged side by side. 
Each engine has five bearings rigidly in line. They run at 230 r.p.m. and are 
direct connected to electric generators. They are started by compressed 
air at 200 lb. pressure and have an electric ignition of the make-and-break 
type, the sources of supply being a primary battery and a direct-driven magneto. 


DETAILS OF OPERATION 


The data received are for three complete months. The plant was in oper- 
ation 1439 hr. during the three months and generated a total of 309,300 kw-hr. 
The fuel used was No. 1 anthracite buckwheat. 


COST OF OPERATION 


$0.2828 per net kw-hr. 
Mi icbiskindbpnshavtenssiddein cecekdudawnncneune ean 0.0000 per net kw-hr. 
Supplies, oil, waste, etc 0.0572 per net kw-hr. 


Superintendence ; 0.0000 per net kw-hr. 
Labor, producer room 


engine room 
Ne oat wat atetk wed calc anna 0.0000 


0.3775 per net kw-hr. 
Repairs, producer......... 


Repairs, engines, electrical ........ 0.1745 per net kw-hr. 
Total cost : 0.8920 per net kw-hr. 
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COST OF OPERATION 
For the Year 1908 


Supplies, oil and waste 
miscellaneous 


Superintendence 
Labor, producer room and engine room , 
EL suticclins dda ansuiees Be neeeee banned 0.000 


Repairs, producer 
engine 
electrical 


Supplies, oil and waste 
0 ere e rer re eres 0.016 


Superintendence 

Labor, producer room 
engine room 
electrical 


Repairs, producer 
engine 
electrical 


Supplies, oil and waste 
miscellaneous 


kw-hr. 
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scrul 
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eis ckc cine gat caastdaeier tasers Abdeles 0.026 per kw-hr. 
Lae Ne BO 65 cbc cece weedassssaeesss 0.102 
Ns oesucudolews weswedsevetndeuwe 0.063 
GE uskdetciacbadscesngeeessdeusaanes 0.000 
a Fe iets eek bea an cweeaee ha owhaenbene 0.165 per kw-bhr. 
a II ihc a sac euan Mearededeb eaves 0.024 
I  Dulait dcaehiat acscdnomenien oka eterna 0.004 
RE ede melee REE n eC roe 0.005 
| eee ee ee: TR eT Ie ee ee en 0.033 per  kw-hr. 
Total cost. ; kena .. 0.688 per kw-hr. 
PLANT D 


DETAILS OF PLANT 


Producers. There are two 400-h.p. pressure producers, 8 ft. 0 in. inside 
diameter with water seal bottoms and with 9 in. fire-brick linings, and two wet 
scrubbers, 8 ft. 0 in. in diameter by 20 ft. 0 in. high, filled with coke. There 
are two dry scrubbers, 6 ft. 0 in. square by 3 ft. 6 in. high. 

Gas Engines. There are three 250-h.p. vertical, single-acting, 4-stroke- 
cycle engines each with three cylinders, 20 in. by 19 in. arranged side by side. 
Each engine has five bearings rigidly in line. They run at 230 r.p.m. and are 
direct connected to electric generators. They are started by compressed 
air at 200 Ib. pressure and have an electric ignition of the make-and-break 
type, the sources of supply being a primary battery and a direct-driven magneto. 


DETAILS OF OPERATION 
The data received are for three complete months. The plant was in oper- 


ation 1439 hr. during the three months and generated a total of 309,300 kw-hr. 
The fuel used was No. 1 anthracite buckwheat. 


COST OF OPERATION 





lh cickecabkshecteatehenbndhendketeueehaensGanieeee $0.2828 per net kw-hr. 
I a a A lh lk a ek ae i aa 0.0000 per net kw-hr. 
I A I AO os ara nalcirdeswevkudweb sue muse 0.0572 per net kw-hr. 
Superintendence...... Sere sia sa hata an thea Gard fae etal nace aD 0.0000 per net kw-hr. 
Labor, producer room...............ceseeees 0.1135 
II S550 os Sistas coseasae ee eaten 0.2640 
II hoa t bce ev awe aeea nae w 0.0000 
Mr rk fiat ral, Dee ana eae Mo aoe Rie eee eee 0.3775 per net kw-hr. 
Repairs, producer......... Hewae tind ieeenriies 0.0249 
Repairs, engines, electrical ..................0sseeeee. 0.1745 per net kw-hr. 


EE Sn ickeienesheneuesedsconhebeubuees 0.8920 per net kw-hr. 
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The cost of coal at the plant given was $2.55 per ton at Plant A; $4.53 per 
ton at Plant B; unknown at Plant C; and $2.33 per ton at Plant D. Reducing 
the cost of coal at Plant B to $2.50 per ton, the costs of operation compare as 
follows: 

per kw-hr. 
per kw-hr. 
per kw-hr. 
per kw-hr. 


ti coker vee hs thdeeees sve tie ae per kw-hr. 
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ARTICLES IN PERIODICALS! 
3ITUMINOUS COAL, SucTION PropucER FoR. The Engineer (London), July 21, 
1911. 13 pp., 3 figs., 1 table. bfA. 


Invented and built by R. V. Farnham of Farnham’s Patents, Ltd., Glasgow, Engineers. 


ENGINE, 1350-B.u.p. Gas. The Engineer (London), July 21, 1911. 14 pp., 


2 figs. bfA. Also London Engineering, July 21, 1911. 2 pp.,3 figs., 1 
table. b. 


Describes in detail engine made by Galloways, Ltd., Manchester, Eng., of the Ehrhardt and Seh- 


mer horizontal tandem, double-acting four-cycle type, and is intended to drive an 800-kw. Mather 
and Platt alternator continuously day and night, seven days per week. 


ENGINES, MopEeRN Digset O11, F. Schubeler. London Engineering, July 28, 
1911. 2 pp., 1 fig. Of. 
Description and possibilities of operation. 
Fiat Martine Orn Enoaine. The Engineer (London), July 28, 1911. 1 p., 
1 fig. bf. 


Describes a 600-h.p. marine oil engine, Diesel type. 


Fur. Or, THe HEATING VALUE oF. Cassier’s Magazine, August 1911. 1p. f. 


Extract of Bureau of Mines, Technical Paper No. 3, Specifications for the Purchase of Fuel Oil 
for the Government, by Irving C. Allen. 


KrarTGas GENERATOREN, Braunkoh‘en, H. L. Braunkohle, March 31, May 
19, June 2, 1911. 31 pp., 17 figs., 6 tables. abfB. 


LicNitE Gas Propucer in Texas, THE PRESENT Status OF THE. Electrical 
World, August 5, 1911. 


‘Opinions expressed are those of the reviewer not of the Society. Articles 
are classified as a comparative; b descriptive; c experimental; d_ historical; 
e mathematical; f practical. A rating is occasionally given by the reviewer, 
as A, B,C. The first installment was given in The Journal for May 1910. 
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Marine O11 Enoine, Tae Weak Pornts or THE. The Engineer (London), 
July 21,1911. 1p. afA. 


The lack of ability to run at very low speeds without undue loss in efficiency and means of work- 
ing the winches, stearing gear, blowing of the whistle, heating of the ship, etc. 


Moreurs A COMBUSTION INTERNE ET ENPARTICULIER LES Moreurs DIEsEL. 
L’ Industrie Electrique, June 10, 1911. 4p. aef. 


Describes former and later costs, etc., of internal-combustion engines; in particular the Diese] 
engine. 


Motor, New Frencu Hicu-Compression. The Engineer (London), July 
14, 1911. 3 pp., 9 figs. abfB. 


Describes oil engines of six-cylinder reversing, marine type, built by Société des Moteurs Sabathe, 
St. Etienne, Engineers. 


PropuceR Piant Experience AT Huron; S. D., Gas. Electrical World, 
August 5, 1911. 14} pp., 3 figs. 


TRACTION IN Europe, GASOLINngE, Francis E. Drake. Electrical World, July 22, 
1911. 2 pp., 5 figs. 





PERSONALS 


Edward E. Ashley, Jr., formerly mechanical engineer in charge of the elec- 
trical department of W. G. Cornell Co., has opened an office of his own in New 
York. 


Henry L. Barton, vice-president of the Metals Product Co., Detroit, Mich., 
has accepted a position with the General Motors Co., of the same city. 


Andrew C. Campbell has severed his connection with the E. J. Manville 
Machine Co., Waterbury, Conn., with which firm he was identified for the past 
16 years, in the capacities of chief engineer, mechanical executive, secretary 
and superintendent. Mr. Campbell is at present maintaining an office in 
Waterbury, as consulting engineer. 


William L. Dearborn, secretary and treasurer of the Eastwick Engineering 
Company, New York, is representing the firm of Barclay, Parsons and Klapp, 
Consulting Engineers, New York, in Cuba, and is resident engineer for the 
Port of Havana Docks Co. in the construction of the new reinforced concrete 
docks and warehouses. 


George T. Frankenburg has been appointed superintendent of The Columbus 
Brass Co., Columbus, Ohio. He was formerly outside foreman of The Cam- 
bria Steel Co., of Johnstown, Pa. 


Herman Gamper, until recently superintendent of the Municipal Electric 
Light Plant, Columbus, Ohio, has become general manager of the Erie Com- 
pany, Erie, Pa. 


Wm. Paul Gerhard, consulting engineer and author of some standard 
works on Household Sanitation and on Sanitary Engineering has received 
the honorary degree of Doctor of Engineering from the German Imperial 
Technical University of Darmstadt. 


Lucian L. Haas, formerly associated with the E. R. Thomas Motor Car 
Company of Buffalo, N. Y., is now chief tool designer with the Alden Sampson 
Manufacturing Company, Division of the United States Motor Company, 
Detroit, Mich. 


Robert E. Hall has resigned his position as assistant manager of Francis 
Bros. & Jellett, Inc., Philadelphia, Pa., to become vice-president and treasurer 
of The Goulds Manufacturing Co. of New England, Boston, Mass. 
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Carleton W. Hubbard, formerly engineer with the Mianus Works, Greenwich, 
Conn., has taken a position with the Sayles Bleacheries, Saylesville, R. I. 


E. P. Larkin has become associated with the United States Metal Products 
Company, College Point, N. Y. 


Leo Loeb has recently been made assistant steam engineer in the steam 
engineering department of The Cambria Steel Co., Johnstown, Pa. He was 
formerly assistant professor of mechanical engineering at the Rensselaer Poly- 
technic Institute, Troy, N. Y. 


H. H. Maxfield has recently been transferred to the Pittsburg Shops of the 
Pennsylvania Railroad. He was formerly master mechanic with the same com- 
pany, Trenton, N. J. 


H. F. J. Porter has been appointed secretary of the Organizing Committee 
of the Sixth Congress of the International Association for Testing Materials, 
which will be held in Washington and New York in September 1912. 


William J. Reilly, formerly manager of the Cleveland office of Babcock & 
Wilcox Co., has been transferred to their Denver branch. 


Arthur D. Shaw has been appointed manager of Francis Bros. & Jellett, 
Philadelphia, Pa. He was formerly associated with the Sagax Wood Co., 
Baltimore, Md. 


Everett W. Swartwout has been appointed manager of the Chicago office 
of the Nordberg Manufacturing Company of Milwaukee, Wis. 


Edward G. Thomas, until recently engineer with the Choralcelo Mfg. Co., 
Boston, has become mechanical engineer of The Boss Mfg. Co., Kewanee, IIl. 


O. C. Thompson has accepted a position as mechanical engineer with the 
Healy Box Corporation, New York, N. Y. He was formerly works manager 
of the National Wire Box Co., South Bend, Ind. 


Arthur P. Truette has become identified with the Goodyear Tire & Rubber 
Co., Akron, O. He was formerly assistant in mechanical engineering, Massa- 
chusetts Institute of Technology, Boston, Mass. 


Lewis Wehner has severed his connection with the Bucyrus Company, South 
Milwaukee, Wis., to become chief engineer of the Vulcan Steam Shovel Co., 
Toledo, Ohio. 





ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society. Lists of accessions to the 


libraries of the A. I. E. E. and A. I. M. E. can be secured on request from Calvin W. Rice, 
Secretary, Am. Soc. M. E. 


ANNALEN FUR GEWERBE UND BAuwEsEN. By F.C. Glaser. Vols. 1-15. Berlin, 
1877-1884. 

Army List AND Directory. Officers of the Army of the United States. July 
20,1911. Washington, 1911. Gift of U. S. Superintendent of Documents. 

AUSBILDUNGS UND PrRiFUNGSSTELLEN FUR DEN DEUTSCHEN KRAFTFAHR7EUG- 
VERKEHR. Mitteleuropaischer Motorwagen Verein, No. 15. Berlin, 1911. 
Gift of the society. 

Boston Society or Crvit ENGINEERS. Constitution and By-Laws and List 
of Members, June1911. Boston, 1911. Gift of the society. 

CoLLAPSING PRESSURES OF THE NATIONAL TUBE CoMPANY’s BESSEMER STEEL 
Lap-WELDED TuseEs. (Report). By R. T. Stewart. Alleghany, 1906. 

ConerEso CrentiFico (1° Pan Americano). Ciencias Economicas y sociales. 
Vol. 2. Santiago de Chile, 1911. Gift of the congress. 

Cost-KEEPING AND ScIENTIFIC MANAGEMENT. By H. A. Evans. New York, 
McGraw-Hill Book Co., 1911. 

Directory OF BoILER SHOP EQUIPMENT AND SuPPtiies, 1911. New York, 1911. 
xift of the Boiler Maker. 

Ficutine Sarps. By F. T. Jane. 1911. Huddersfield. 

FORTSCHRITTE DER TECHNIK. 2d Year, 1910, 7 vols. Berlin, 1910. 

Furnace Staqs in Concrete. Pittsburg, 1911. Gift of Carnegie Steel Co. 

INDIANA ENGINEERING Society. Proceedings of 13th, 20th, 25th, 28th Annual 
Meetings, 1898, 1900, 1905, 1908. 1893, 1900, 1905, 1908. Gift of the society. 

Tue INSTITUTION OF MECHANICAL ENGINEERS—CALCUTTA AND DISTRICT 
Section. Proceedings, 1910-1911. Calcutta, 1911. Gift of honorary 
secretary of the Calcutta section. 

Lioyp’s REGISTER OF BRITISH AND FOREIGN SHIPPING. Vols. 1-2, 1911-1912. 
London, 1911. 

Rules and Regulations for the Construction and Classification of Steel 

Vessels. 1911-1912. London, 1911. 

MassacHUSETTS RAILROAD CoMMISSIONERS. 40th-42d annual report. 1908- 
1910. Boston, 1909-11. Gift of the commissioner. 

MicnigAN CoLteGe or Mines. Year Book, 1910-1911. Houghton, 1911. 
Gift of the college. 

MILWAUKEE Bureau or Economy AND Erriciency. Bulletin No. 5. Mil- 
waukee, 1911. Gift of the bureau. 

NationaL Macuine Toot Buitpers’ AssociaTION. Official Report, May 18, 
19,1911. Atlantic City, 1911. Gift of the association. 
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NATIONAL SOCIETY FOR THE PROMOTION OF INDUSTRIAL EpucaTion. Trade 
Continuation Schools of Munich. Bulletin No. 14. New York, 1911 
Gift of the society. 

New Yorxk State Apvisory Boarp or ConsuLTING ENGINEERS. Report to 
the Governor, 1910. Albany, 1911. Gift of the board. 

Pneumatic Caissons. By T. K. Thomson. Reprint from Construction, 
November-December 1908. Gift of the author. 

Poor’s MANUAL oF Rariroaps, 1911. 44th annual number. New York, 1911. 

PREVENTION OF INDUSTRIAL ACCIDENTS. No. 1—General. New York, 1909. 
Gift of Fidelity & Casualty Co. of New York. 

Rope Istanp ScHoot or Desien. Year Book, 1911. Providence, 1911. 
Gift of the school. 

Steam TursBINEs. Short treatise on theory, design and field of operation. 
By J. W. Roe. New York, McGraw-Hill Book Co., 1911. 

Steet Workers. By J.A. Fitch. New York, Charities Publication Commiticc, 
1910. 

TEXTILE EDUCATION AMONG THE PurITANS. By C. J. H..Woodbury. Read 
before Bostonian Society, April 18, 1911. Boston, 1911. Gift of the 
author. 

U. S. Orpnance Department. Report of the Tests of Metals and Other 
Materials, 1910. Washington, 1911. Gift of the Ordnance Dept. 

University oF Nepraska. General Cataloguc. 1910-1911. Lincoln. Gift 
of the university. 

University oF Nevapa. Register 1910-1911. Reno, 1911. Gift of the uni- 
versity. 


VicToRIAN INSTITUTE OF ENGINEERS. Proceedings. Vol. 10, Melbourne, 
1910. Gift of the institute. 

Work AccIDENTS AND THE Law. By C. Eastman. New York, Charities 
Publication Committee. 1910. 

WoRKINGMEN’S INSURANCE IN Europe. By L. K. Frankel and M. M. Dawson. 
New York, Charities Publication Committee, 1910. 


EXCHANGES 


AMERICAN INSTITUTE OF ARCHITECTS. Proceedings of 44th Annual Conven- 
tion, 1910. Washington, 1910. 

New EnoGianp Water Works Association. Constitution and List of Mem- 
bers. July 1911. Boston, 1911. 

Society or Navat ARcHITECTS AND MARINE ENGINEERS. Transactions. 
Vol. 18, 1910. New York, 1910. 

U. S. Navat Osservatory. Publications. 2d series. Vols. 6-7. Wash- 
ington, 1911. 

U.S. Patent Orrice. Annual Report of the Commissioner of Patents. 1910. 
Washington. 1911. 
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UNITED ENGINEERING SOCIETY 


DeciMAL CLASSIFICATION AND RELATIVE InpDEx. By M.Dewey. Ed. 7, 1911. 
Lake Placid Club, New York, 1911. 

Moovy’s MANUAL OF RAILROADS AND CORPORATION SECURITIES. 12th annual 
number, 1911. New York, 1911. 

Ox. AHOMA GEOLOGICAL SuRvEY. Bull. No. 3. Norman, 1910. Gift of the 
survey. 


TRADE CATALOGUES 


BaiLey Co., Springfield, O. Bailey-Springfield steel and iron window 
ash, 18 pp. 
istoL Co., Waterbury, Conn. Catalogue No. 160, Recording instruments for 
pressure, temperature, electricity, speed, time, etc., 64 pp.; Bull. No. 142, 
Recording water level gages, 23 pp. 
"LANNERY Bout Co., Pittsburg, Pa. The Tate flexible staybolt and informa- 
ion on the breakage of staybolts, 34 pp. 
ss-Bricut Mra. Co., Philadelphia, Pa. DWF adapter and the method of 
assembling it with bearings on a straight shaft, 1 p.; Application of float- 
ing bushes to grinding machine spindles, 1 p.; Method of assembling an 
adapter with mountings, 1 p.; Ball bearings in horizontal molding ma- 
chines, 1 p. 

IncersOLL Miiturnc Macuine Co., Rockford, Ill. Heavy duty knee type 
millers, 8 pp.; Examples of rapid milling done on an Ingersoll miller, 14 
pp.; Milling machines, 102 pp. 

MicuigAN WrirE Cuiots Co., Detroit, Mich. Catalogue on wire cloth of all 
types, 189 pp. 

Move, Stoker Co., Dayton, O. Model automatic smokeless furnace, 48 
pp. 

SHerwoop Mre. Co., Buffalo, N. Y. Injectors and ejectors, oil pumps, oil 
cups, flue scrapers and blowers, engine appliances, 62 pp. 

Sims Co., Erie, Pa. Hot water generators and converters, laundry heaters, 
live steam and water mixers, 27 pp. 

WesTINGHOUSE Etectric & Mra. Co., Pittsburg, Pa. Circular 1104, Portable 
meters for alternating current, 31 pp. 








EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better ositions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who 
are capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


0112 Responsible salesmen wanted by established manufacturers of steam 
specialties. Unusual possibilities to a live wire. Give experience and state 
age. 


0113 Works manager of an agricultural implement factory employing from 
five hundred to one thousand men. Prefer a man who has already proven 
successful and is at present employed in a similar capacity with some represen- 


tive manufacturer. Applicant must be of highest order of engineer. Address 
c/o Am.Soc.M.E. 


0114 Thoroughly competent engineer, technical education, who has had 
five or more years’ experience in practical engineering. Must be thoroughly 
fitted in refrigerating and steam engineering, capable of being a licensed engi- 
neer ; also require some knowledge of buildings, to look after alterations, changes 
and improvements both in steam and power, ammonia and general packing 
house work. Location Middle West. 


0115 Young engineer to take charge of manufacturing end of micanite com- 
pany, for concern engaged in development of mica mine in West. Experience 
in this particular line of manufacture essential. Address c/o Am.Soc.M.E. 


0116 Mechanical engineer, first class draftsman and practical too] maker, 
competent to take charge of department manufacturing water meters. Prefer 
man who has had experience in above line of work. Only man of the highest 
ability will be considered. 


MEN AVAILABLE 


262 Associate, age 33, desires responsible position; experienced in design 
and erection of mining, milling and smelting machinery, mills, etc., gas pro- 
ducers and gas plants, miscellaneous machinery.. Location unimportant. 
Excellent references. 


1124 





EMPLOYMENT BULLETIN 1125 


263 Member, having basic patent on method of governing gas engines, 
desires to interest capital to take out and finance foreign patents on same; 
and form company to collect royalties and control situation in this country. 
Only individuals or corporations controlling unlimited means will be con- 
sidered. 


264 Associate, fifteen years’ experience as draftsman, squad foreman and 
checker, on blast furnaces, steel, rolling, pipe and tube mills, coke ovens and 
chemical apparatus, desires to locate in the East, preferably near Philadelphia 
or New York. 


265 Member, graduate Massachusetts Institute of Technology, practical 
manufacturing and selling experience, competent to fill position as manager or 
superintendent, would accept good position as assistant or in sales department 
or branch where technical or mechanical knowledge is required. 


266 Member, experienced as marine engineer, also designing, building and 
equipping manufacturing plants of all kinds, including design of special machin- 
ery, railroad and bridge construction, and as manager of a large business. 
Will be open for engagement November. 


267 Mechanical engineer desires position as manager or operating engineer; 


for twelve years with large industrial plant as operating engineer. Best of 
references. 


268 Member desires position as superintendent of foundry or works, 
engaged mostly in foundry work; can prove ability to manage and make money 
for anyone wanting such aman. Best of references. 


269 Junior Member, technical graduate, wishes to advance with a construc- 
tion or manufacturing concern. One year’s experience in a plate glass plant. 


270 Junior Member, graduate mechanical engineer, age 30; eight years’ 
experience with contracting engineer and manufacturer, designing, estimating 
costs, inspecting; in charge of work, selling, heating and ventilating. At 
present, executive with contracting company; best references from previous 
and present connections. Desires to hear of opening for branch manager, 
assistant engineer, sales engineer. Salary $2000. 


271 Junior Member, five years’ experience in locomotive and car depart- 
ment of large railroad, three years’ experience in automobile selling company; 
portion of time spent on railroad given to developing scientific management. 


272 Mechanical engineer, Cornell graduate, ten years’ practical experience, 


covering factory superintendence and maintenance, building construction, 
including reinforced concrete, and the installation and operation of power 
plant and factory machinery. Desires position with consulting or contracting 
engineers or as executive engineer in manufacturing concern. 
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273 Factory manager, extensive experience in management of large proper- 
ties, and design, equipment and organization of new plants, wishes to make a 
change. 


274 Mechanical engineer, technical graduate, present position factory 
manager; previous experience in general engineering as mechanical engineer, 
sales engineer and construction superintendent. Desires position as factory 
manager or mechanical engineer. 


275 Technical graduate, thoroughly accustomed to handling men and 
working on own responsibility; now employed. Experienced in all phases of 
plant engineering, cost reduction, accounting, tool systems, power plant opera- 
tions, construction and maintenance, with extensive study of scientific manage- 
ment and accounting. 


276 Technical graduate, experienced in the design and construction of 
power plants, industrial plants and mill buildings, wants position which will 
not confine him to drafting board or office, while not objecting to some office 
work or drawing. 


277 Member A.S.M.E. and A.I.E.E., at present employed with large manu- 
facturing corporation, desires to become associated with smaller company or 
to take partnership in an established engineering firm. Wide experience in 
both electrical and mechanical engineering, considerable commercial experi- 
ence. Prefers position in which desirable investment can be made of few thou- 
sand dollars and assume interest in established and profitable manufacturing 
business. Salary $5000. 


278 Junior Member, technical graduate, number of years’ experience in 
drafting, construction work and office work in connection with industrial 
plants and power plar.ts; wishes to make a change. 


279 Associate, 15 years’ experience on blast furnaces, steel, rolling, pipe 
and tube mills, coke ovens and chemical apparatus, as draftsman, «quad 
foreman and checker, desires to locate in the East, preferably near Phila- 
delphia. 





CHANGES IN MEMBERSHIP 


CHANGES IN ADDRESS 


ASHLEY, Edward E., Jr. (Junior, 1910), Mech. Engr., 527 Fifth Ave., New 
York, N. Y. 

AUSTIN, Adolph Odell (Junior, 1905), York Mfg. Co., York, Pa. 

AUSTIN, William S. (1902; 1905), Park Wks., Eastman Kodak Co., Rochester, 
N. Y. 

BARTON, Henry L. (1903), care of Genl. Motors Co., 127 Woodward Ave., 
Detroit, Mich. 

BERRY, Edgar H. (1905; 1907), present address unknown. 

BOUTON, Geo. Innes (1901; 1904), Engr. East. Dist., Heine Safety Boiler Co., 
11 Broadway, and for mail, 137 W. 82d St., New York, N. Y. 

BROOKS, Louis C. (Junior, 1901), Elec. Engr., Industrial Control Dept., Genl. 
Elec. Co., and for mail, R. F. D. No. 1, Schenectady, N. Y. 

BURTON, J. Harry (Junior, 1906), present address unknown. 

CAMPBELL, Andrew C. (1885; 1889), Cons. Engr., 65 Bank St., and for mail, 
186 Hillside Ave., Waterbury, Conn. 

CURTIS, Edma H., Jr. (Junior, 1901), Mech. Engr., 1981 Cleneay Ave., Nor- 
wood, O. 

EKSTRAND, Charles (1898; 1903), Supt., Lowell M. Palmer’s Plants, York, 
Pa., and for mail, The Park, Boonton, N. J. 

ELY, Theo. N. (1880), Manager, 1880-1882; Vice-President, 1882; Ch. of M. P., 
Pa. R. R., System E. and W. of Pittsburgh, Broad St. Sta., Philadelphia, 
and for mail, Bryn Mawr, Pa. 

FINCH, Ellis Jerome (Junior, 1911), 260 W. 136th St., New York, N. Y. 

FRAN KENBERG, George T. (Associate, 1907), Supt., The Columbus Brass 
Co., and 86 Latta Ave., Columbus, O. 

GAMPER, Herman (1900), Genl. Mgr., Erie Co., Erie, Pa. 

HAAS, Lucian L. (Junior, 1910), Ch. Tool Designer, Alden Sampson Mfg. Co., 
Div. of the U. S. Motor Co., and for mail, 989 Oakland Ave., Detroit, Mich. 

HALL, Robert E. (1898; 1905), V. P. and Treas., The Goulds Mfg. Co. of N.E., 
58 Pearl St., Boston, Mass. 

HALL, Walter Atwood (1911), Asst. to Mgr., Lynn Wks., Genl. Elec. Co., West 
Lynn, and for mail, 15 Hardy Rd., Swampscott, Mass. 

HANSEN, T. H. C. (1905), Wire Spec. & Mch. Wks., 1108 High St., and 865 S. 
Clinton St., South Bend, Ind. 

HOBERT, Stephen G. (1897; 1906), Cons. Engr., 179 W. Washington St., 
Chicago, and Clarenden Hills, Ill. 

HUBBARD, Carleton Waterbury (Junior, 1911), Sayles Bleacheries, and for 
mail, 180 Chapel St., Saylesville, R. I. 

HURLEY, Daniel (Junior, 1904), 42 E. Manning St., Providence, R. I. 
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IRELAND, Mark L. (Junior, 1902), First Lieut., Coast Artillery Corps 
U.S. A., Fort Monroe, Va. 

KEABLES, Austin Dow (Junior, 1910), The Charles, West Point, Ga. 

KEELY, Royal R. (1901; 1907), 1704 Mt. Vernon St., Philadelphia, Pa. 

KINKEAD, James A. (Associate, 1903), Res. Sales Mgr., Parkesburg Iron 
Co., 30 Church St., New York, N. Y., and Stelton, N. J. 

KNEIP, Walter F. (Junior, 1904), Engrg. Dept., H. H. Franklin Mfg. Co., and 
for mail, 932 Bellevue Ave., Syracuse, N. Y. 

LAIRD, Wilbur G. (Associate, 1906), Asst. Mgr., Candelaria Min. Co., Minas 
de San Pedro, Chihuahua, Mex., and for mail, 2300 18th St., Washington, 
D. C. 

LARKIN, Everett P. (Junior, 1906), U. S. Metal Products Co., College Point, 
N. Y. 

LEWIS, David J., Jr. (1892), Sales Mgr., Lytton Mfg. Corp., 1159 Hudson 
Terminal Bldg., 50 Church St., New York, N. Y., and for mail, 8&8 Riggs 
Pl., South Orange, N. J. 

LOEB, Leo (Junior, 1911), Steam Engrg. Dept., Cambria Steel Co., Johnstown, 
Pa. 

McCLATCHEY, A. F. (1889), 132 N. 4th St., Aurora, IIl. 

MAXFIELD, Howard H. (1904), M. M., Pa. R. R. Co., 28th St., Pittsburgh, 
Pa. 

MEYER, C. Louis (Junior, 1909), Trussed Concrete Steel Co., Detroit, Mich. 

MORRIS, Henry G. (1882), Vice-President, 1887-1889; Commonwealth Bldg., 
12th and Chestnut Sts., Philadelphia, Pa. 

MOUNT, Carroll Hays (Junior, 1910), 195 W. 11th Ave., Columbus, O. 

MYERS, David Moffat (Associate, 1907), Cons. Engr., 17 Batterv Pl., and 157 
W. 79th St., New York, N. Y. 

ODE, Randolph Theodore (1901; 1908), Secy., Providence Engrg. Wks., and for 
mail, Box 1266, Providence, R. I. 

OLMSTED, George C. (Junior, 1909), care of Brunt Mine, Virginia, Minn. 

ORD, Henry C. (1905), Dominion Bridge Co., Ltd., Montreal, Que., Canada. 

POLLAK, Charles P. (Associate, 1901), East. Sales Agt., Wickes Boiler Co., 
and for mail, Engineers Club, 32 W. 40th St., New York, N. Y. 

REILLY, William J. (1901), Mgr., Denver Office, Babcock & Wilcox Co., 435 
17th st., Denver, Colo. 

ROYS, Lawrence (Junior, 1907), The Bucyrus Co., and P. O. Box 793, South 
Milwaukee; also 861 First Ave., Milwaukee, Wis. 

SCOLLAN, John Joseph (191C), 74 Roncesvalles Ave., Toronto, Ont., Canada. 

SIBSON, Horace E. (Junior, 1904), Mech. Engr., Harrison Safety Boiler Wks., 
17th St. and Allegheny Ave., Philadelphia, and for mail, P. O. Box 159, 
Cynwyd, Pa. 

SLEE, Norman §. (Junior, 1909), Babcock & Wilcox Co., 85 Liberty St., New 
York, N. Y. and for mail, 186 North Ave., E., Crantord, N. J. 

STIRLING, Allan (188), Manager, 1881-1884; Vice-l’resident, 1885-1887; 
Life Member; Pres., Drexel Blig., Philadelphia, and Pleasant Mt., Wayne 
Co., Pa. 

SWARTWOUT, Everett W. (Junior, 1910), Mgr., Chicago Office, Nordberg 
Mfy. Co., 704 Schiller Bldg., Chicago, LIl. 

THOMAS, Edward G. (1890; 1907), Mech. Engr., The Boss Mfg. Co., Kewanee, 
Ill. 
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TITLOMPSON, O. C. (Associate, 1910), Mech. Engr., Healy Box Corp., 105 W. 
40th St., and for mail, 346 W. 57th St., New York, N. Y. 

TRUETTE, Arthur Pierce (Junior, 1911), Goodyear Tire & Rubber Co., Akron, 
O. 

WEAR, Burt C. (Junior, 1905), Engr., Steel Roof Truss Co., 1647 Pierce Bldg., 
St. Louis, Mo. 

WLHNER, Louis (1901; 1907), Ch. Engr., The Vulcan Steam Shovel Co., 916 
Summit St., Toledo, O. 

YARNALL, D. Robert (Junior, 1903), Mech. Engr., 1109 Locust St., Philadel- 
phia, Pa. 

YAWGER, Edwin (Associate, 1899), Sales Mgr. Denver Dist., The Westing- 
house Mch. Co., 1062 Gas & Elec. Bldg., Denver, Colo. 


NEW MEMBERS 


DOWNES, Nate Worswic (Junior, 1911), Ch. Draftsman, J. H. Brady, Cons. 
Engr. and Ch. Engr., Kansas City Sch. Dist., and for mail, 3126 Olive St., 
Kansas City, Mo. 

DREW, Wilbert Shepard (1911), Dir. Sch. Mech. Arts, Prof. Agri. Mech., Agri. 
College of Utah, Logan, Utah. 

GARRAHAN, F. B. (Junior, 1911), 29 W. 39th St., New York, N. Y. 

GARTLEY, Alonzo (1911), Cons. Engr., C. Brewer & Co., Ltd., Honolulu, 
Hawaii. 

GATES, John George (Junior, 1911), Draftsman and Designer, Russell, 
Burdsall & Ward Bolt and Nut Co., and for mail, 29 Summer St., Port 
Chester, N. Y. 

GRAHAM, William Harvey (1911), care of N. S. Steel & Coal Co., Sydney 
Mines, Cape Breton, N. 8. 

HALL, Carl Albe (Junior, 1911), Mech. Engr., Dir., Parker & Young Co., 
Lisbon, and for mail, Concord, N. H. 

HIDER, George Turner (Junior, 1911), Gorgona, Canal Zone, Panama. 

JOHNSON, John S. A. (1911), Prof. Exper. Engrg., Va. Poly. Inst., Blacks- 
burg, Va. 

JOHNSON, Raymond D. (1911), Hyd. Engr., Ontario Power Co., and P. O. 
Box 3, Niagara Falls, N. Y. 

KENDRICK, J. W. (1911), V. P., Atchison, Topeka & Santa Fé Ry., 1023 
Ry. Exch., Chicago, lll. and for mail, care of Outing Magazine, 315 Fifth 
Ave., New York, N. Y. 

MAGRATH, Charles Bolton (Junior, 1911), Mech. Engr., Diamond Coal Co., 
Alta, and for mail, 369 Daly Ave., Ottawa, Canada. 

SANKEY, H. Riall (1911), Dir. and Cons. Engr., Marconi Wireless Telegraph 
Co., Ltd., and for mail, 7 Charlbury Grove, Ealing W., England. 


DEATHS 
FERGUSSON, Henry A. 








COMING MEETINGS 


SEPTEMBER-OCTOBER 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s hands by the 15th of the month preceding the meeting. When the titles of papers read 
at monthly meetings are furnished they will also be published. 


AMERICAN ASSOCIATION OF GENERAL PASSENGER AND TICKET 
AGENTS 
September 19, annual meeting, St. Paul, Minn. Secy.,C.M. Burt, Boston, 
Mass. 

AMERICAN ELECTRIC RAILWAY ASSOCIATION 
October 9-13, annual convention, Atlantic City, N. J. Secy., H. C. Don- 
ecker, 29 W. 39th St., New York. 

AMERICAN ELECTROCHEMICAL SOCIETY 
September 21-23, annual meeting, Toronto, Ont. Secy., Jos. W. Richards, 
Lehigh University, South Bethlehem, Pa. 

AMERICAN INSTITUTE OF MINING ENGINEERS 
October 10, annual convention, San Francisco, Cal., followed by trip to 
Japan. Secy., Joseph Struthers, 29 W. 39th St., New York. 

AMERICAN MINING CONGRESS 
September 26-29, annual session, Chicago, Ill. Secy., J. F. Callbreath, 
Denver, Colo. 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
Monthly Meetings: New York, October 10; New Haven, November 15. 
Secy., Calvin W. Rice, 29 W. 39th St., New York. 

AMERICAN SOCIETY OF MUNICIPAL IMPROVEMENTS 
September 26-29, annual convention, Grand Rapids, Mich. Secy., A. P. 
Folwell, 239 W. 39th St., New York. 

ASSOCIATION OF EDISON ILLUMINATING COMPANIES 
September 19-21, annual convention, Spring ‘Lake, N. J. Secy., N. Y. 
Wilcox, Lowell, Mass. 

COLORADO ELECTRIC LIGHT, POWER AND RAILWAY ASSOCIATION 
September 13-15, annual convention, Glenwood Springs, Colo. Secy., 
F. D. Morris, 323 Hagerman Bldg., Colorado Springs. 

ILLUMINATING ENGINEERING SOCIETY 
September 25-27, annual convention, Chicago, Ill. Secy., Preston 8. 
Milla’, 29 W, 39th St., New York. 
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[INTERNATIONAL ASSOCIATION OF MUNICIPAL ELECTRICIANS 
September 12-15, annual meeting, St. Paul, Minn. Secy., C. R. George, 
Houston, Tex. 

INTERNATIONAL CONGRESS OF THE APPLICATIONS OF ELEC- 
TRICITY 
September 9-20, Turin, Italy. President of the Organizing Committee, 
L. Lombardi, 10, Via San Paolo, Milan. 

‘RON AND STEEL INSTITUTE 
October 2-16, autumn meeting, Turin, Italy. Secy., G. C. Lloyd, 28 
Victoria St., London, S. W., England. 

[ASTER CAR AND LOCOMOTIVE PAINTERS’ ASSOCIATION 
September 12-15, annual convention, Atlantic City, N. J. Secy., A. P. 
Dane, B. & M. R. R., Reading, Mass. 

NATIONAL ASSOCIATION OF COTTON MANUFACTURERS 
September 27-30, semi-annual meeting, Hotel Equinox, Manchester, Vt. 
Secy., C. J. H. Woodbury, Box 3672, Boston, Mass. 

NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS 
October 10, annual convention, Washington, D.C. Secy., Wm. H. Con- 
nolly. 

NATIONAL BUILDING MATERIAL EXHIBITION 
September 9-16, Trade Show, Madison Square Garden, New York. Mgegr., 
P. J. Powers, 508 Flatiron Bldg. 

NATIONAL CONSERVATION CONGRESS 
September 25-27, Kansas City, Mo. Secy., Thomas R. Shipp, Washington, 
D.C. 

NEW ENGLAND WATER WORKS ASSOCIATION 
September 13-15, annual convention, Gloucester, Mass. Secy., Willard 
Kent, Narragansett Pier, R. I. 

RAILWAY SIGNAL ASSOCIATION 
October 10, annual convention, Colorado Springs, Colo. Secy., C. C. 
Rosenberg, Bethlehem, Pa. 

ROADMASTERS AND MAINTENANCE OF WAY ASSOCIATION 
September 12-15, annual meeting, St. Louis, Mo. Secy., W. S. Emery, 
P. & P. U. Ry., Peoria, IIl. 

TRAVELING ENGINEERS’ ASSOCIATION 
August 29-September 2, annual convention, Hotel Sherman, Chicago, IIl. 
Secy., W. O. Thompson, care of N. Y. C. Car Shops, East Buffalo, N. Y. 

VERMONT ELECTRICAL ASSOCIATION 
September 13-14, annual meeting, Lake Dunmore, Vt. Secy., A. B. Mars- 
den, Manchester. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
September 

1-2 Institute of Operating Engineers............ Re eee All day 
7 Blue Room Engineering Society ’. D. Sprague 

14 Illuminating Engineering Society . S. Millar 

15 New York Railroad Club . D. Vought 


. D. Pollock 
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Date Society Secretary 
October 

5 Blue Room Engineering Society W. D. Sprague ... 
10 American Society of Mechanical Engineers ..C. W. Rice....... 
12 Illuminating Engineering Society P. S. Millar....... 
13 American Institute of Electrical Engineers...R. W. Pope....... 
17 New York Telephone Society................T. H. Lawrence... 
20 New York Railroad Club H. D. Vought..... 
25 Municipal Engineers of New York...........C. D. Pollock .... 





OFFICERS AND COUNCIL 


President 
E. D. MEIER 


Vice-Presidents 
Terms expire 1911 Terms expire 1912 
CHARLES WHITING BAKER GEORGE M. BRILL 
W. F. M. GOSS E. M. HERR 
\LEX. C. HUMPHREYS H. H. VAUGHAN 


Managers 
Terms expire 1911 Terms expire 1912 Terms expire 1913 
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FACTORY CONSTRUCTION AND ARRANGEMENT 


By L. P. AtFrorp anp H. C. FARRELL 
ABSTRACT OF PAPER 


The arrangement and construction of the reinforced concrete factory build- 
ings of the United Shoe Machinery Company at Beverly, Mass., are presented, 
with reference to their adaptability to the manufacture of light machinery. 
The advantages and disadvantages of concrete floors are discussed, and the 
experience of this plant given to show that such floors are satisfactory in the 
machine shop. The original manufacturing scheme, the one-shop plan, is 
described, together with the modifications that it has undergone since its 
inception. The original artificial lighting installation is shown with changes 


now being made to use the more recently developed higher efficiency lighting 
units. As the plant has had rapid growth, modifications based on experience 
have been made as new construction was undertaken, and these changes are 
traced in detail. Finally, the plant contains one of the first extensive develop- 
ments in the use of steel storage racks. The design of these is given, together 
with an account of the conditions under which they were developed and the 
uniformly successful results in their use are shown. 








FACTORY CONSTRUCTION AND 
ARRANGEMENT 


By L. P. Atrorp, New Yor« 
and 
H. C. Farre.u, Bevery, Mass. 
Members of the Society 


The plant of the United Shoe Machinery Company at Beverly, 
Mass., for the manufacture of boot and shoe machinery is the first fac- 
tory constructed entirely of reinforced concrete, and stands today as 
the most extensive example of the use of this form of construction for 
machine-shop purposes in the country. The present floor area aggre- 
gates 600,000 sq. ft. and when the addition now being erected is 
completed, the total floor space will be 744,000 sq. ft., or more than 
17 acres. 

2 The site comprised some 250 acres fronting about one-half mile 
on the eastern division of the Boston & Maine Railroad and bisected 
by a tide-water stream known as the Bass River. The area lying be- 
tween this river and the railroad track, averaging something like 1000 
ft. in width, was selected for the buildings. The stream was dammed 
at two points, forming storage basins for fresh water to be used for 
condensing and manufacturing purposes. In addition, there was a 
third basin below high-tide level and provided with tide gates. 

3 Development work now in progress will form another fresh- 
water basin further upstream, and the lowest freshwater basin will 
then be filled with tide water and used for condensing purposes. 


THE MANUFACTURING SCHEME 


4 The machine-shop manufacturing departments were arranged 
according to the “one-shop plan.” The only other plan that was 
seriously considered as a possible alternative was the “‘output-depart- 
ment plan.” An analysis of the floor areas for the various depart- 
ments showed that one-half of the machine-shop manufacturing 


Tue AMERICAN Socrety OF MECHANICAL ENGINEERS, 29 West 39th Street, 
ew York. All papers are subject to revision. 
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area should be devoted to the regular machine-shop departments; 
the other half to be used for special, or associative departments. This 
led to the adoption of a four-storied building type as the most advan- 
tageous. The two middle floors were to be the manufacturing area; 
the lower floor for storage and certain departments requiring the 
least advantageous conditions; the upper story for experimental work, 
tool making and a few associative departments. 

5 In addition, the foundry, hardening room, drop-forge shop and 
power house required separate buildings particularly designed for their 
needs. This led to a plan embodying four rows of parallel buildings 
of which the two in front were devoted to machine-shop uses, the 
third to storage and the hardening room and forge shop, and the fourth 
to the foundry and power house, these last being detached buildings. 
All of the other buildings were connected by means of tunnels and 
covered passageways above ground connecting all floor levels. A 
spur track passed between the third and fourth rows of buildings, 
serving the third row, and a second spur passed behind the fourth 
row of buildings, thus serving the foundry and power house. 

6 Fig. 1 shows the plant after the additions of 1906 were com- 
pleted. The main buildings, originally 520 ft. long, as shown here are 
820 ft. Fig. 2 shows an outline plan of the buildings as they will 
be after the present additions are completed. 

7 The additions now in progress will extend each of the two main 
buildings, A and B, 300 ft., or to a total length of 1120 ft.; will adda 
fourth toilet-room wing between them indicated by ABXX, and ade- 
tached drop-forge shop near the tide-water front of the property 309 
ft. long, 80 ft. wide and connected with an independent power house. 

8 All of the buildings are connected by pipe and cable tunnels (Fig. 
2) which enter underground chambers containing the fans and heater 
coils for the indirect-heating systems. Fig. 3 is a typical cross-section 
of the tunnel entering building ABX. The walls are used for piping, 
and beneath the floor are vitrified conduits for the electric cables. 
The floor of this tunnel pitches upward from the power house, and a 
gutter at one side receives any moisture that may enter and conveys 
it to a sump in the power-house basement, from whence it is pumped 
to waste. 

9 The method of supporting the pipes in this tunnel was to bolt 6 
in. by 8 in. hard pine posts to the inner walls. To the outer faces of 
these posts the pipe hangers are fastened by lag screws. These posts 
are spaced 10 ft. on centers. 

10 The modifications of this tunnel over these originally planned 











































































GuLa'1dWOD UV SNOILIGGY INGSIUd NAHM SONICTIOg 40 NVId @ “Ol 





















































& 
Z 
- 
= 
= 
S 
Z 
4 
a 
< 
; 
< 
Zz 
E 
Pp 
é 
Zz 
° 
oO 
~ 
= 
° 
i= 
oO 
< 
= 











1144 





L. P. ALFORD AND H. C. FARRELL 1145 


consisted in increasing both the width and height in order to give more 
room to facilitate changes and repairs and in the use of hard pine 
posts instead of cast-iron slotted supports for the pipe brackets. The 
width of the original tunnel was 5 ft. in the clear, the new one 7 ft., 
and an average height of 7 ft. 

11 At points just within the walls of buildingsA and B (Fig. 2) will 
be noticed short connections from the tunnels which serve as a point 
from which pipe risers are conducted vertically upward through the 


buildings. 


CONSTRUCTION OF THE MAIN BUILDINGS 


12 The main buildings A and B, as well as the storage buildings C 
nd G, are divided by two rows of interior columns into 20-ft. bays. 
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Fic. 3 TypicaL Cross-SECTION OF PIPE AND CABLE TUNNEL 


The width of each of these buildings is therefore 60 ft. The original 
main buildings were constructed as monoliths, except that a shrinkage 
joint was introduced midway of the length, thus in effect giving two 
abutting buildings unconnected, except at the foundations. The 
toilet-room wings are similar monoliths, being separated from the 
main buildings by similar shrinkage joints. 

13 Fig.4 shows a typical cross-section of a main building. The ex- 
terior columns on one side are rectangular in section, spaced 20 ft. on 
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centers and above the ground floor running from floor to ceiling with 
no intervening curtain wall. Midway between these columns is 
a small concrete mullion. On the other side the pilasters are very 
much larger as they contain the heating ducts of the indirect system. 
These pilasters in the original building were lined with hollow brick 
as a non-conductor of heat. 

14 The interior columns are octagonal in section, and decrease in 
diameter from the lower floor upward. The floors have rectangular 
concrete girders carried by the columns and connected by shallow 
rectangular floor beams, stiffened by a bridging stringer midway of 
each 20-ft. span. The floors themselves are entirely of concrete, 
composed of an under floor of the same mixture as the beams and 
girders, covered with a granolithic wearing surface ? in. thick, which 
was applied when the under floor was green for the purpose of making 
a perfect bond of the two layers. The ground floor and the first floor 
were curtain-walled to a height of 30 in., with the exception of the 
eastern ground floor wall of building A, which was curtain-walled to 
a height of 6 ft. in order better to accommodate the building to the 
natural grade. 

15 It may be well to point out at this place that when these build- 
ings were developed, the use of reinforced concrete as a material of 
construction was very new and much of the work that was done had 
no foundation in precedent. The authors can recall with some 
amusement discussions over points considered of major importance, 
for which an easy solution was later found. One of these was the 
floors. A lengthy discussion took place as to whether or not a con- 
crete floor was suitable for machine-shop purposes. It was finally 
determined that concrete floors should be used with the single 
exception of the stair treads, which were to be of wood. These con- 

crete floors have been found to be so satisfactory that they were con- 
" tinued in the additions of 1906-1907 and will be used in the additions 
now in progress. 

16 One of the arguments against a concrete floor upon which per- 
sons must work is its hardness, but our experience shows this to be 
unfounded. The real objection to a concrete floor lies in its coldness. 
Concrete is a much better conductor of heat than wood and for that 
reason, a cold concrete floor will rapidly withdraw bodily heat from 
the feet of anyone standing upon it. Therefore, the only floors which 
need special attention are those which are in contact with the ground. 
The lower floors of these buildings are of concrete some 12 in. thick’ 
and between the under floor and the upper floor are three thicknesses 





1148 FACTORY CONSTRUCTION AND ARRANGEMENT 


of waterproofing felt mopped in with asphalt. When the employes 
were transferred from the old factories with wooden floors to the 
new, some complaints were heard for the first few weeks, or until 
the men had become accustomed to the change. Thereafter, there 
has been no difficulty except on the part of a new man, who has to 
go through his own period of becoming wonted to the new conditions. 

17 Further objections raised to the use of these floors were those 
of wear due to the grinding action of the wheels of trucks, the chipping 
action of the ends of pinch bars used for moving heavy machines, 
the scouring action of metal boxes dragged over it, and, by far the 
most important, the difficulty of making floor repairs. 

18 On the first floor of building B, however, a floor devoted to the 
heaviest work done in the plant, requiring the largest machine tools 
and receiving the largest and heaviest castings, the floor of the center 
bay has been refinished by adding 1} in. of a one-to-two granolithic 
mixture. This, of course, covers the area that has received the 
greatest amount of wear, as in all of the buildings a central passageway 
8 ft. wide was left between machine tools and other permanent fixtures 

19 The greatest difficulty in maintaining these floors has been 
found to lie in the making of minor repairs, namely, those necessitated 
by the crumbling away of the edges of the grooves with which 
the original floors were marked out, or the edges of cracks and 
repairs to small depressions caused by the wearing away of soft 
spots in the surface. Repairs made with any cement mixture have 
been uniformly unsuccessful, provided the area repaired was com- 
paratively small. At present, such repairs are being made by using an 
asphalt mixture which is applied to the surface in a plastic condition 
and then bonded to the concrete by the application of heat from gaso- 
lene blow torches. This method is much more successful than the 
use of a cement mixture, although it does not entirely prevent the 
crumbling of the edge of the concrete where the concrete and asphalt — 
join. 

20 It wasalso feared that the oil required in an automatic screw 
machine department would penetrate the concrete and tend to disin- 
tegrate it, but it has been proved that this fear was unfounded. Re- 
peated investigations throughout the past six years have failed to show 
that there is penetration through the glaze of the finish even in de- 
partments where the floor is constantly wet with oil. Where cracks 
are present the oil will find an entrance, its penetration beyond the 
limits of the crack is very little, and is not the cause of any appre- 
hension whatever. 
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21 With regard to the possible injury from dust due to wear on 
ihe floors, there is no reason to believe that there has been any 
creater wear on the moving and sliding members of the machine tools 
than would have been the case in any other type of building. 

22 The roofs of these buildings are similar in construction to the 
floors, except that the beams and slabs are much lighter. They are 
pitched from the center to the sides, the pitch being about 1 ft. in the 
distance of 30 ft. The coating is of tar composition. 

23 A noticeable feature of the buildings is the large window area 
(Fig. 1), which is about 70 per cent of the total wall area. The win- 
dow frames and sashes are of cypress and the sashes are double-hung, 
glazed with double-thick glass. 


THE ADDITIONS OF 1906-1907 


24 While the addition to the main buildings in 1906-1907 presented 
no difference in appearance externally from the original construction, 
yet there are several changes of details. The floor loads are increased 
from 250 to 300 lb. per sq. ft. For this reason the columns, still 
octagonal in section, are 16 in. on the second floor instead of 14 in. 
across the flats, 14 in. on the third floor instead of 8in. On the ground 
floor they remain 24 in. and on the first floor 18 in. This increase in 
the size of the columns necessitated an increase in the width of the 
girders and a corresponding decrease in their depth. The floor beams, 
while of the same depth, have an increase of 1 fn. in width, namely, 
from 3 in. to 4 in., and the bridging stringer is correspondingly 
increased in width. Furthermore, the spacing of these beams is 
kept uniform to standardize the floor forms. 

25 Carrying this standardization a step further, the same forms are 
used for the roof which, in this case, give a flat roof having the same 
sizes of girders and beams as those supporting the third floor. The 
floors were left perfectly smooth, without any marking whatever. 

26 A slight change is made in the hot-air ducts in the pilasters, in 
that they are constructed entirely of concrete and without the non-con- 
ducting lining of hollow brick. The curtain walls are cored instead 
of cast solid as in the original plant. 

27 In an attempt to obviate the difficulty of operating the large 
windows due to warping, the frames and sash of the addition are made 
of clear white pine, instead of cypress. This change has been fully 
justified. 

28 The method of pouring the concrete in this addition was the 
same as that used in the original plant; that is, each floor level was 
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handled as a monolithic unit. The aggregate used in the mixtures of 
the original plant was natural gravel; in the addition, it was crushed 
native granite, taken from a ledge on the premises. 

29 The method of finishing the exterior of the building, by ham- 
mering the exposed faces of the columns and walls, was identical in 
both sections. The difference in the color from the change in the 
aggregate is unnoticeable except by careful scrutiny. 


THE ADDITION OF 1911 


30 The present addition does not differ, either in external or inter- 
nal appearance from the addition of 1906-1907, but the method of erec- 
tion has been radically modified. The other parts of the plant were 
poured floor by floor as monoliths. In the present construction, all 
of the columns, both exterior and interior, and all of the girders and 
beams were cast for each floor level in forms on the ground. These 
members were then lifted into position by means of a derrick, suitable 
provision being made for framing them together. The floor slab was 
then put in, a bay at a time poured upon forms supported by the beams 
and without using supporting horses or shores. Another change 
consisted in using steel window frames and sash instead of wood. 

31 Device for Fastening Ceiling Fixtures. We have referred to the 
lack of precedent that existed in 1902-1903 in adapting concrete build- 
ings to machine-shop uses. This lack is still further exemplified in con- 
nection with devices for supporting fixtures to concrete ceilings. 
We failed to find any: such contrivance suited to our requirements, 
which may be briefly stated as follows: 

a The device must permit of attaching fixtures at any point 
desired over the manufacturing areas, or, as it was aptly 
put, it must be as adaptable as the ceiling of a mill con- 
structed building with wooden girders and floor. 

b The device must be inexpensive in first cost and inexpen- 
sive to install. 

c That part of the device that becomes a permanent part of 
the building, namely, the part which is built into place 
when the concrete is poured, must be very simple, inex- 
pensive and not offer any serious disfigurement to the 
ceilings. 

d The materials composing this device must be such as can be 
purchased in the open market, and should be fire resisting. 
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e The device must be such that the greater part need be put 
into place only when it is required for manufacturing pur- 
poses, thus keeping the investment as little as possible in 
areas set aside for growth. 

32 As originally planned, it was deemed necessary to provide a 
device to support only the heavier fixtures, namely, the main-line 
shaft hangers, countershaft stringers, and the accompanying fixtures. 
No device was planned to support the lighter fixtures, such as electric 



































Fics. 5 to 9 Detaits or Supports ror Ligut FIxTuRES 


light wire molding, electric light fixtures and small piping. How- 
ever, a scheme for this latter purpose was worked out for the addition 
of 1906-1907 and will be described later. 

33 The contrivance finally adopted consisted of a steel slot running 
crosswise of the building and fastened to the lower faces of the girders 
and bridging beams over all the manufacturing areas. By slipping 
a tee-headed bolt into this slot the ceiling fixtures are easily attached. 
Figs. 5 to 11, inclusive, show this device both in diagram and from pho- 
tographs as actually installed. The slot consists of two small steel 
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angles placed back to back, with the opposing legs vertical, clamped 
by cast-iron hangers against the concrete beams. The clamping 
bolts are anchor bolts set in the beam and girder forms before the 
concrete was poured. These bolts in the girders in the final construc- 
tion are 1 in. in diameter, pass through the hanger and the space 
between the angles and receive the clamp and nut on the lower face 
(Fig. 7). In the bridging beams the bolts are ? in. in diameter, set 
in pairs, each of which holds a cast-iron hanger of greater depth than 
those used on the girders, the angles in turn being bolted to the 
hangers by a 1-in. bolt and the same clamp as used under the girders 
(Fig. 6). The materials of which this device is composed are fire- 








Fig. 10 Device ror SuprportTinae Licut FIxTURES 


proof and, therefore, logically carry out the scheme of the fire-resist- 
ing concrete construction. ° 

34 The spacing of the girder slot angles in the original building is 
approximately 3 ft. on centers and the angles are 23 in. by 23 in. by 
1 in. The bolts for the corresponding angles on the bridging beams 
are spaced about 6 ft. on centers and the angles are 23 in. by 3 in. by 
7s in. 

35 In the addition of 1906-1907 the spacing for the anchor bolts 
is made uniformly 6 ft. on centers and the angles are of the same 
size as in the original building 23 in. by 3 in. by #5 in. 

36 In an experimental investigation of the strength of this slot, be- 
fore any of it was used, it was found that the deflection under load lay 
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approximately midway between the estimated deflections, consider- 
ing the angles, first, as beams supported at the ends, and second, as 
fixed at the ends. In each case the lower face of the slot was 6 
in. wide, thus furnishing a firm footing for shaft hangers and the ends 
if counter shaft stringers. The tee-headed bolts used had shoulders 
| in. sq. just beneath the heads to prevent their turning round when 
‘he nuts were being tightened. 

37 This device was installed over some 516,000 sq. ft. of floor 
area, aggregating 50,000 running ft. of metallic slot. In the original 
lant it has now been in use for over six years and its use and principle 
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have been extended to some parts of the foundry building and the 
basement of the power house, where it serves to support piping. 

38 Mention has been made of the lack of provision in the original 
plant for supporting the light fixtures. In the first addition, however, 
such provision was made. The device consists of a half round groove 
having a radius of % in., with its lower edge 14 in. above the lower 
iace of the concrete beam. This groove was cast in both vertical 
faces of the floor beams. A small inexpensive sheet metal clamp is 
fitted into these grooves and held in place by a through-bolt passing 
directly beneath the lower face of the beam. To these hangers the 
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electric light wire molding, electric light fixtures, small pipe and other 
light fixtures and devices are attached. Figs. 10 and 12 show this 
contrivance and its application. In the addition now in progress, the 
metallic slot device as used in the first addition will be employed, as 
well as this later device for supporting the light fixtures. 

39 Fig. 13 shows a rack or wire structure for carrying the second- 
ary feeders for both the lighting and power circuits. It comprises two 
light channel beams set with their flanges facing, spaced about 20 
in. apart and bolted to the slot system previously described. Wooden 
cleats rest on the lower flanges of these channels, are securely bolted 
in place and furnish a support for the mains on their upper surface 
and, if necessary, on their lower surface also. The space occupied 
by this structure is close to the wall on the side of the building having 
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Fig. 12 Exectric Wire Support aND Pipr HANGER 


the smaller windows because of the additional space necessary for the 
pilasters containing heating flues. It thus occupies no room required 
for main-line shaft or machine countershafts. It is also used for 
small piping for water, gas, compressed air and steam required for 
manufacturing purposes or in the operation of tools. These pipes 
are carried on hangers from the slot system and occupy a position 
beneath and at a safe distance from the electric mains. 

40 Attaching MachinestoConcreteFloors. The successful fastening 
of machines of all kinds to concrete floors was an easy problem to 
solve. No provision has ever been made by inserting in the floors 
anchor bolts, anchor nuts or any other device, at the time they were 
cast, anticipating any of the machine tools. Two methods are used. 
The first consists in the drilling of a small hole in the concrete floor 
slab, inserting an expansion sleeve of some kind, and fastening the 
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machine tool in place by lag screws. This method is used for all 
machines having feet that present only a small amount of area in 
contact with the floor, such as an ordinary small sized engine lathe. 
The second method is used for machine tools having box beds or a 
base presenting a large amount of area in contact with the floor, as 
the box bed of a planer or the base of a knee-type milling machine. 
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Kia. 13 StRucTURE FOR CARRYING FEEDERS FOR LIGHT AND PowER 
CiRcuITs 


The method in this case consists first in leveling the machine on steel 
wedges at a height of about 3 in. from the floor, flowing a stiff cement 
mortar under the base for a distance of 4 or 5in., the mortar being enter- 
ed around the entire outline of the base or bed, and then slacking back 
the wedges until the machine has settled firmly into the bed of mortar 
and at the same time is level. This mortar was allowed to set for 


24 hours; the wedges then removed and the machine was ready for 
use. 
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41 These two methods have been successful, but one point requir- 
ing caution should perhaps be mentioned. In drilling the holes into the 
concrete floor care should be used as the point of the drill nears the 
lower side of the floor slab to avoid the spalling off of sections of the 
concrete. With an expansion sleeve of 1} in., which was finally 
adopted as a standard length by us, and with careful workmanship 
in drilling the holes, there should be no danger of chipping the under 
surface of the concrete floor if it is 3 in. thick or more. In case a 























Fic. 14 CouNTERSHAFT AND BELT SHIFTER IN PLACE 


large stone is encountered by the drill, it is very difficult to guard 
against this spalling action, and in this connection more difficulty 
has been experienced in the original plant where the large aggregate 
of the floor mixture is natural gravel, than in the following additions, 
where the aggregate is crushed granite. 

42 On some of the larger, high-speed metal planers it has been 
necessary to put in stop dowels at each end to prevent the feet from 
sliding on the concrete floors. This refers to planers not supplied by 
the maker with lag screw holes in the feet. 
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43 There is still another exception to these two methods, applying 
to a limited number of high-speed machines, particularly those sub- 
jected to reciprocating motions and vibrations. It has been found 
necessary to bolt these machines through the floor with a large plate 
washer on the under side. 

44, Heating of Main Buildings. Fig. 2 shows the underground fan 
chambers in each one of the main toilet-room wings. These chambers 
contain the heating engines, fans and coils for furnishing heat to the 
inain machine-shop buildings and storage building C. In the original 
plant 7990 sq. ft. of radiating surface is provided for each of the 
machine-shop buildings, or 1 sq. ft. of radiating surface for each 218 
cu. ft. of room volume. In this installation the ducts from the fans 
were carried outside of the buildings and connected underground to 
openings in the pilasters having the heating flues, by means of a 
flexible connection. The fan chambers under wings ABS and ABN 
contain, in addition to the fans for heating the main machine shops, 
fans for heating the toilet-room wings themselves. In the older 
part of the plant it was difficult to maintain a suitable temperature 
ut the north ends of the machine-shop buildings in severe winter 
weather. For this reason, the heating factor in the 1906-1907 addi- 
tion was made 1 sq- ft. of radiating surface for every 130 cu. ft. of 
room volume. A certain amount of this increase was intended to 
provide for the lack of heating capacity in the older partof the plant. 

45 Another change consisted in bringing the hot-air ducts within 
the building line, placing them close against the outer wall and mak- 
ing this roof a part of the ground floor slab. This has the beneficial 
effect of tending to increase the temperature of the ground floor itself. 

46 The heating plants for the toilet-room wing ABX were omitted 
and direct radiation by wall coils substituted. Experience has dem- 
onstrated that all of these modifications were wise, and in the addi- 
tion now under way, the heating arrangements of the addition of 
1906-1907 will be duplicated. 

47 Because of the large window area, no provision was made for 
mechanical ventilation in the main buildings, except that in extremely 
hot weather the heating fans are run to supply fresh, outside air 
through the heating system. 

48 Lighting Systems. The current generated at the power house is 
575 volts, 3-phase, 60-cycle, distributed without transformation by 
the power circuits to 550-volt induction motors end transformed at a 
number of distributing centers to 110 volts for the lighting systems. 

49 Three lighting systems are used, designated day, public and 
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machine-tool circuits. The primaries of all are independently con- 
trolled by switches in the power house. 

50 The day circuits furnish light for the offices, drawing rooms, 
storage areas and wherever may be necessary in the day time, and 
each room is provided with its own switch control so that it may 
be had at any time. 

51 The public circuits furnish light for the toilet, wash and locker 
rooms in the toilet-room wings, for all entrances and exits to the plant, 
for the cross corridors connecting the main buildings and for the longi- 
tudinal central passageways on all machine-shop floors. These cir- 
cuits are controlled entirely from the power house. 

52 The machine-tool circuits feed individual lights for the machine 
tools and manufacturing operations. These circuits are controlled 
on each floor and for comparatively short lengths, averaging about 
200 ft. 

53 In operation, the public-circuit switches in the power house are 
put in about 6.40 a.m., 20 minutes before the time of beginning work, 
thus furnishing light for the entrance of the employes to the plant. 
They remain in use until there is sufficient daylight to permit of unhin- 
dered movement throughout the passageways and aisles. These circuits 
are again brought into use in the afternoon and remain in until about 
5.20, or for a sufficient length of time to permit everyone to leave the 
plant. 

54 The machine-tool circuit is thrown in at starting-up time, 6.55 
a.m., is pulled out at 12 m., put in again at 12.55 p.m., and pulled out 
again at 5 p.m. 

55 The day-circuit switches are kept in at all times, connecting the 
line with the generators when they are running and with an outside 
source of current supply when they are shut down. Thus the offices, 
drawing rooms and a limited number of lights required for the night 
watchmen are available at all times. 

56 In the original plant the day circuits and machine-tool circuits 
fed nothing but incandescent lamps, mainly 16 c.p. The public 
circuit feeds incandescent lamps in the toilet-room wings, a limited 
number of incandescents along the main aisles and passageways, and 
7.5-ampere enclosed arcs at the junction points of the longitudinal 
central passageways of the main buildings and the cross passageways 
connecting these buildings through the wings. 

57 These lighting systems are at present undergoing a modification, 
not as regards the original circuits themselves, or their control, but 
as regards the lighting units. The offices and drawing rooms have 
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been equipped with mercury vapor lamps of 150 and 300-c.p. sizes 
and have been found satisfactory for this service, with the possible 
exception of some slight difficulty in determining the colors of cards 
and inks in some of the office work. At the present time one section 
of a miller department is equipped with these lights, as an experi- 
mental test of their use on machine work that requires the best illu- 
mination. If this test is satisfactory, these lamps will probably be 
used to the exclusion of incandescents, not only in the extension now 
underway, but by replacement in the older manufacturing depart- 
ments. 

58 In case it is deemed inadvisable to use these for manufacturing 
processes, they will still be used to replace the arc lamps on the public 








Fie. 15 Stree. Structure ror ATTacHING Motor To CBrILING. 


circuits and for departments that require nothing but general illumi- 
nation, such as setting up, storage, shipping, boxing and the like. 

59 The lighting factors for the original installation were as follo ws: 
for offices and drawing rooms 0.5 c.p. per sq. ft. of floor area; for 
manufacturing departments, 0.3 c.p. per sq. ft. of floor area; and 
for the public circuits 1 c.p. for each 29 sq. ft. of floor area. 

60 In the offices as now equipped, one 300 c.p. mercury-vapor arc 
lamp having a rating of 250 watts is used for an average of 250 sq. 
ft. of floor area. Similarly, the drawing rooms are successfully lighted 
with a wattage rating of 1.2 per sq. ft. of floor area. This factor is 
not as satisfactory as it should be, because the ceiling of the drawing 
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room is crossed by a number of sheet-metal ventilating ducts, so 
arranged that a larger number of lamps had to be installed to prevent 
objectionable shadows. The installation of these mercury arc lamps 
over the milling-machine area provides 90 watts for each 10 sq. ft. 
of floor area. The switch control for these mercury-vapor arc lamps 
is by twos in series lengthwise of the room. 

61 Power Equipment of the Machine Shops. Induction motors are 
used throughout for power purposes, the departments being broken 
up into convenient groups to give motors of a reasonable size and to 
secure flexibility of control. These motors in every case are attached 
to the ceilings by steel structures, one type of which is illustrated by 
Fig. 15. 

62 The number of motors used for the machine-shop areas aggre- 
gates 130 with atotal horsepower rating of 2725. This gives a factor of 
0.37 h.p. per 100 sq. ft. of floor area. The number of employes for 
these same manufacturing areas is 4500, giving a factor of 0.6 h.p. 
per workman. Tests indicate that these motors carry on an average 
about 90 per cent of their rated load. 

63 The Manufacturing Plan. It was stated in the opening para- 
graphs that the plan of organization originally decided upon, was the 
so-called one-shop plan. The original plant was divided into depart- 
ments and the machine tools arranged in keeping with this decision. 
When that installation was completed, it perhaps represented as 
large a typical example of this scheme of organization as we have 
ever known. Owing to the rapid increase of the business, the diffi- 
culty of getting suitably trained foremen and the multiplicity of the 
work of these large departments, a modification of the original plan 
has been necessary. As additions were completed and new machine 
tools installed, if the one-shop plan had been adhered to in its entirety, 
it would have meant the transference of certain entire departments to 
new floor areas in order that other departments might grow. The 
principal modification is the adopting of the output-department 
plan. The expression is here used with a meaning slightly different 
from the accepted one, in that the modified departments handle a 
line of similar work drawn from a number of different machines, 
instead of handling one machine or several similar associated machines. 
This modification, of course, has applied only to the general machine- 
shop manufacturing departments and not to special or associated 
departments, such as the screw machine work, and the like. 

64 Toilet-Room Wings. The toilet-room wings, designated in Fig 
2 by the letters ABS, ABN, ABX and ABXX, contain locker rooms 
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wash rooms, toilet rooms, tool storage and delivery rooms, stair 
wells and, as mentioned before, the connecting passageways between 
the main buildings. But little needs to be said about these build- 
ngs or their equipment, except to refer to Fig. 16 which is typical 
if the utilities. 

65 All of the rooms are provided with mechanical ventilation, 
through a system of ducts in the walls leading to a chamber under 
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Fig. 16 View SHowinG A Room IN ONE OF THE TOoILET-Room WINGS 


the roof containing a direct-connected ventilating fan discharging to 
the outside air. 

66 In the original building there was no local ventilation for the 
toilet-room utilities themselves, but it was provided in the additions. 
The improvement in conditions has been marked. 

67 One room, of wing ABN is the emergency, or first-aid hospital, 
in charge of a registered male nurse. Here records are kept of any 
injury that is treated, no matter how trivial. 

68 The Foundry. Fig. 17 shows the foundry building, with the 
molding floor and its steel-framed monitor roof (Fig. 18) on the first- 
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floor level. This floor is devoted to accessory foundry departments, 
including the cleaning, flask-making, casting-stcrage and metal- 
pattern rooms. Beneath this floor is a storage space for foundry sup- 
plies, sand and coke. Here bins connect by means of inclined chutes, 
with an area alongside the spur track to facilitate the unloading of 
material. The heavy molding floors are equipped with electric 
hoists and hand cranes. The lighting as originally installed was with 
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7.5-amperes incandescent arcs. This has since been modified by the 
introduction of mercury-vapor lamps of 0.083 watts per sq. ft. of floor 
area. 

69 Power House. The power house designated by F (Fig. 2) is 
equipped with three Curtis vertical turbines, one of 1000 and two of 
750kw. capacity, with their auxiliaries. 

70 The boiler house was originally equipped with two batteries 
of water-tube boilers, hand fired. When the additions of 1906-1907 
were made, extra water-tube boilers were installed and mechanical 
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stokers were put in throughout the entire equipment. After this, 
coal and ash-handling machinery were added and an over-head stor- 
age capacity of 500 tons for coal. 

71 Storage Devices. The lack of precedent was nowhere better 
demonstrated than in connection with metallic storage bins, racks 


Fic. 19 Deraits or STorAGE Rack 


and the like. Such devices today are the common equipment of many 
shops, but in 1903, when one of the authors endeavored to obtain a 
bid on such equipment, only one bidder was found in the United States. 
His proposal was based on an arrangement that very evidently had 
its prototype in library racks. The impracticability of the devices 
submitted and their excessive cost, led to the development of the type 
of rack and storage box illustrated in Figs. 19 and 20. The rack is 
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composed of a series of small industrial railway rails, set vertically 
ind arranged in pairs with their heads facing across the width of the 
rack. To theserails are clamped cross-barsof cast iron, spaced apart 
by #-in. pipe struts. Round rods run horizontally across these cast- 
iron frames and are clamped in place by bolts. The spacing between 
these skeleton shelves is varied to receive standard sizes of boxes, 
arranged on a unit system. They give storage volumes in the pro- 
portions of 4, 4, 1, 2, 4, 8 and 16, respectively. For certain large and 
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Fic. 20 Racks AND STorAGE Boxes 


bulky pieces, no boxes are used, but the parts are piled in place on the 
skeleton shelves. At the present time there are 248 racks of this type 
in use, each one having an available storage volume of 972 cu. ft. 
They occupy a floor space 60 ft. wide by 700 ft. long. 

72 In orderto facilitate the putting in and taking out of parts from 


the boxes at the top rack, a sliding ladder is installed in each space : 
between two racks and serves both of them. 
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NOTE OF ACKNOWLEDGMENT 


The designing and engineering work has been done by a number of engi- 
neers, for the main plant was constructed during the years 1903-1904; the first 
addition in 1906-1907; another addition was started in 1910 and the work is of 
such magnitude that it will not be finished until sometime in the year 1912. 

Before this plant was built the United Shoe Machinery Company owned 
and operated a number of machine shops near Boston. When a decision was 
made to build an entirely new plant, a committee, composed of M. B. Kaven, 
S. D. LeLand, 8. W. Ladd, Z. T. French and W. B. Trowbridge, was organized 
to investigate all of the existing factories, prepare a tentative scheme for the 
new plant and serve in an advisory capacity while the plans were being drawn. 
The architect was F. M. Andrews, then of Dayton, Ohio, who drew the original 
plans for steel framed.buildings faced with brick and with wooden floors. Be- 
fore any work of construction was started, however, it was decided to change 
to reinforced concrete. E. L. Ransome, of New York City, was the advisory 
concrete engineer, and Charles T. Main, then of Dean and Main, Boston, was 
consulting mechanical engineer. Mr. Ransome designed and supervised all 
of the concrete work in the additions of 1906-1907 and is now serving in a similar 
capacity for the additions in progress. 

The authors of this paper have successively served as engineers for the 
owner in designing and installing the machine-shop equipment of the original 
plant and in all of the engineering work of the additions, with the exception 
of the concrete construction. 
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Starting with the older well-known types of oil engines, which were the 
natural sequence to the gasolene engine, this paper proceeds to give a de- 


scription of the Diesel engine and its modifications, commonly known under 
the collective name of constant-pressure engines. This description is given 
in the form of a critical discussion, leading up to an explanation of the prin- 
ciples underlying the various processes of fuel injection. Particular attention 
is given to the development of smaller units. 














OIL ENGINES 


By H. R. Setz,! Warren, Pa. 
Non-Member 


It has been reserved for modern engineering to give to liquid fuels 
the consideration due them by reason of their exceptional transporta- 
tion and storage facilities, their high heating value and their small 
bulk as compared with all solid fuels. 

2 The first successful solutions of the problem of using liquid 
fuels in internal-combustion engines were naturally attained with 
gasolene. This fuel, the lightest of the hydrocarbons obtained by 
fractional distillation of crude oil, vaporizes at comparatively low 
temperatures and readily forms an explosive mixture under ordinary 
atmospheric conditions. Only some form of carburetor was there- 
fore required, aside from the usual constructive elements of the gas 
engine. 

3 A far more serious problem presented itself when the utilization 
of the heavier hydrocarbons, such as kerosene, fuel oil and crude oil 
itself, was attempted. Many experiments showed that in order to 
get an explosive mixture, these heavy oils must first be converted at 
a comparatively high temperature into vapor before or during their 
mixture with air. For this purpose most oil engines have a hot cham- 
ber or vaporizer where the oil, after having been introduced as a 
liquid or in the form of spray, is converted into vapor and then taken 
up by and mixed with a current of air. The most notable methods 


now in use for securing a perfect mixture by means of a vaporizer are 
shown in Figs. 1, 2 and 3. 


VAPORIZING AND MIXING 


4 In Fig. 1 evaporation and mixing are effected during the com- 
pression stroke. The oil is injected into an incandescent hood or 


1 Chief Engineer, Struthers-Wells Co. 


Tae AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Stre t 
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chamber which, for starting, is heated up externally by means of a 
lamp, and afterwards kept red hot by the combustion of the mixture 
in it. During the compression stroke air from the cylinder rushes 
through the contracted opening into this chamber and mixes with the 
vapors therein, until at the end of the stroke, the right proportion of 
combustible to air is reached. The mixture is then ignited simply 
by direct contact with the hot walls of this vaporizing chamber, aug- 
mented slightly by the heat due to compression. 

5 An arrangement commonly used by gasolene engine manufac- 
turers to adapt their engines to the utilization of heavier hydrocarbons 
is shown in Fig. 2. The vaporizer chamber is provided with a jacket 
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Fia. 1 Fig. 2 Fia. 3 
METHODS FOR SECURING MIXTURE OF VAPOR AND AIR 


space through which the exhaust gases pass, thus heating the vapor- 
izer externally. A cloud of fuel vapor is produced by dropping the 
liquid fuel on the heated surfaces of the baffle plates inside the vapor- 
izer. On the suction stroke of the piston free air enters this vaporizer 
and, in passing over the baffle plates, becomes heated and in the same 
time absorbs the oil vapors; the mixture thus formed and pre-heated 
then enters the cylinder and at the end of the compression stroke is 
ignited by an electric igniter. 

6 In Fig. 3 the fuel oil is mixed with and broken up by a stream of 
compressed air of from 8 to 25 lb. pressure above atmosphere, so that 
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it enters the vaporizer chamber in the form of finely divided spray, 
and is immediately vaporized, due to the heat applied externally 
by the exhaust gases. The bulk of air, being aspirated during the 
suction stroke, then mixes with the fuel vapor and becomes pre-heated, 
thus forming the explosive charge. Compression and ignition are the 
same as in Fig. 2. 

7 These types of oil engines, especially those of Figs. 1 and 2, are 
quite simple and therefore cheap in first cost. Their method of 
vaporization, however, is rather crude and gives rise to objections 
well borne out by practical experience, which are the cause of the 
prevailing prejudice against such oil engines. The chief drawback 
to all these vaporizers is the practical impossibility of vaporizing 
the fuel completely at all loads and under all conditions. The heat 
of the chamber should always be high enough to vaporize all the oil, 
but never hot enough to decompose it, or a deposit of carbon will be 
formed in the vaporizer and cylinder, accompanied by incomplete 
combustion, and therefore low efficiencies; this manifests itself by the 
objectionable smoke and odor of the exhaust gases. Another draw- 
back is that in all engines of the type of Fig. 1, in order to obtain cer- 
tainty of ignition and at the same time prevent pre-ignitions at differ- 
ent loads, the temperature of the vaporizer should vary with the load, 
a practical impossibility. The pre-heating of the mixture, as required 
for engines operating under the principles shown in Figs. 2 and 3, 
decreases the weight of the air aspirated, and therefore the capacity 
of the engine; while the throttling of the air in passing through the 
vaporizer chamber and passages, as well as the high back pressure due 
to the exhaust gases passing through the jacket space of the vapor- 
izers, decreases the power output of such engines still more. The 
necessity of first heating the vaporizer externally by means of a lamp 
before the engine can be started is rather inconvenient as it takes 
at least five to ten minutes. The fuel consumption of these engines 
averages about 1 lb. of oil per b.h.p-hr., corresponding to a thermal 
efficiency of not over 15 per cent. 

8 This outline covers in a general way the mechanical principles 
of some of the commercial liquid-fuel engines today on the market. 
A great variety of modifications is possible, such as the cycle of oper- 
ation (2-stroke or 4-stroke), vertical or horizontal, regulation, valve 
gear, etc. However, whether these work on the 4-stroke or 2-stroke 
cycle, they all have in common the fact that the fuel and air mixture, 
after having been compressed, is instantaneously ignited, i.e., at con- 
stant volume, and according to this mode of heat application they 
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belong in the class of constant-volume engines. The efficiency of this 
thermodynamic cycle is greater with increasing degrees of compres- 
sion; the latter, however, is limited on account of the danger of pre- 
mature ignitions due to the compression temperature. Attempts 
have been made to attain high compression pressures at low tempera- 
tures by injecting water into the cylinder during the compression 
stroke. Banki of Hungary has succeeded in building a very efficient 
motor along these lines; he compressed as high as 250 Ib. per sq. in., 
the resulting combustion pressures amounting to something like 700 
lb. This necessitated engine parts of hydraulic press proportions 
which, together with a possibility of short-circuiting the ignition 
plugs on account of moisture deposits, failed to make this engine a 
commercial success. The use of a special scavenging pump in a 4- 
cycle engine was also attempted, by means of which fresh air could 
be swept through the cylinder at the end of the exhaust stroke, thus 
cleaning the clearance space from the residue of spent gases and at 
the same time cooling the combustion chamber walls. Although 
this permitted the compression pressure to be raised, the extra ex- 
pense for the special scavenging pump did not warrant its adoption 
for general practice. Without such artificial means the safe limit of 
compression in the present constant-volume liquid-fuel engines has 
by long experience been found to be about 70 lb. in gasolene engines 
and hardly more than 60 Ib. in kerosene engines with spontaneous 
(hot-bulb) ignition (Fig. 1). The efficiency of these types of engines 
is therefore not likely to be increased very much in the future. Con- 
sidering this, as well as the undesirable features touched upon in the 
foregoing discussion, it is quite obvious that, as far as reliability and 
economy of operation are concerned, these engines fall far short of 
what may reasonably be expected, especially in view of what is being 
accomplished with gas engines. 


DIESEL ENGINE TYPE 


9 An engine of decided advantages over those just discussed is 
the Diesel type, having the following characteristics of operation: 
During the compression stroke the cylinder contains air only, which is 
being compressed to about 500: Ib., the resulting temperature reach- 
ing a point sufficiently high to ignite any liquid fuel injected into it. 
At the end of the compression stroke, fuel is gradually injected by 
means of an air blast at a pressure about 250 to 500 lb. above the 
compression pressure in the cylinder. This high-pressure air blast 
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completely atomizes the fuel during the injection period, and carries 
its small particles directly into the highly compressed and heated air 
in the cylinder, where they are immediately vaporized and ignited. 
3v this method combustion is effected without explosion, as the con- 
tinued admission of the fuel to about 10 per cent of the expansion 
stroke causes the development of heat to take place at approximately 
constant pressure. Since the oil particles are burned immediately 
after their mixture with air, there is no possibility of deposits form- 
ing on the cylinder walls and combustion is so complete that the ex- 
haust products are entirely smokeless and without odor. Numerous 
tests made on Diesel engines of different sizes show an average fuel 
consumption of less than 3 lb. of oil per h.p-hr., corresponding to a 
thermal efficiency of about 30 per cent. 

10 To the particular feature of compressing air alone to sucha 
pressure and temperature that it will immediately vaporize and ignite 
the fuel injected into it, the constant-pressure engine as embodied 
in the Diesel motor undoubtedly owes its success. It lends itself 
admirably to the utilization of liquid fuels, as it does away at once 
with carburetors or vaporizers, and igniters; moreover it allows the 
burning of any liquid fuel without special accessories. For this 
same reason it is singularly well adapted to operation on the 2-stroke 
cycle. The doubtful practice of scavenging the cylinder with the 
fuel and air mixture, with its attendant loss of mixture through the 
exhaust ports, and the possibility of backfires, is therefore entirely 
eliminated. The result is that it embodies the full benefit of the 2- 
stroke cycle, practically twice the power capacity of a 4-stroke cycle 
engine of the same cylinder dimensions and speed. Another point 
of equal importance is the fact that with decreasing loads the efficiency 
of the constant-pressure engine decreases but very little, while that 
of the constant-volume engine drops very rapidly with lighter loads. 

11 In view of these points, therefore, there can hardly be any 
question that for the utilization of liquid fuels the constant-pressure 
engine is far superior to the constant-volume engine. The great 
number of Diesel engine installations working under greatly varying 
conditions and with all kinds of fuels, abundantly proves this, particu- 
larly in Europe, where during the last three years engines of thistype 
to an aggregate of over 250,000 h.p. have been built. Considering 
the fact that at the beginning of this century the Diesel engine had 
hardly emerged from the experimental stage, this is truly a remark- 
able achievement which cannot fail to attract engineering activity 
towards further developments in so promising a field of enterprise. 
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A number of new types of constant-pressure oil engines have been 
brought out within the last few years, all differing more or less from 
one another in their mode of fuel injection. 

12 The accompanying illustrations show schematically the 
mechanical combinations used to inject the fuel and the principal 
modifications recently brought out. Since this new era of oil-engine 
construction started with the advent of the Diesel engine, we will 
first analyze the injection process of this engine, so as to establish the 
functions of the various parts entering into it. 

13. Fig. 4 represents the period where a measured quantity of fuel, 
according to the load on the engine, is being deposited in space s 
of the injection valve cage c by the oil pump 9, the injection valve n 
being closed at that moment. Space s is continuously in communi- 
cation with the air storage tank ¢, into which the 2-stage air com- 
pressor a delivers the air required for fuel injection at a pressure of 
from 750 to 1000 lb. (One or two additional tanks are automatically 
kept charged by the compressor with air of about the same pressure 
for starting the engine.) The oil must therefore be delivered into 
space s against this high pressure which, in view of the small quantity 
to be delivered, requires extremely accurate work and adjustments on 
the oil pump o. Since fuel and injection air come into contact with 
each other while injection valve n is still closed, that is, before the 
actual injection period, it is quite obvious that the valve cage c, as 
well as the injection air, must be well cooled in order to prevent dan- 
gerous premature ignitions or the formation of deposits due to partial 
evaporation of the deposited fuel. 

14 Fig. 5 shows the actual injection period, which starts as soon 
as injection valve n opens; the latter therefore controls simultaneously 
the admission of fuel and injection of air into the cylinder. At all loads 
the points of opening and closing of the injection valve n remain 
unchanged, i.e., the length of the period the injection valve is open is 
constant. Within this period a variable quantity of fuel, according 
to the load, is to be injected. In order to accomplish this most satis- 
factorily it has been found necessary to increase the pressure of the 
injection air with increasing loads on the engine, i.e., with increasing 
amounts of fuel to be injected; Diesel engine manufacturers recom- 
menda pressure increase of about 250 Ib. from light to maximum load. 
Since compression in the engine cylinder is constant at all loads, 
this is undoubtedly due to the fact that all the fuel having previously 
been deposited in space s, must be accelerated and atomized by the 
injection air as soon as injection valve n opens. Furthermore, if the 
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injection air pressure is too high at light loads it may happen that no 
ignition is effected on account of the cooling effect of the injection air, 
of which more will be said later on. 

15 The variation of injection air pressures with varying loads on 
a 4-cylinder 250-h.p. engine is given in Table 1, which also shows the 
indicated compressor work. To the writer’s knowledge no arrange- 
ments have so far been made on stationary engines to vary automatic- 
ally the pressure of the injection air according to load variations; 
this must be done by hand, at the judgment of the engine operator. 


TABLE 1 VARIATION OF INJECTION AIR PRESSURES WITH VARYING LOADS 


INJECTION AIR COMPRESSOR 
INJECTION AIR PRES- : 


ENGINE LOAD, B.H.P SURES, LB. a —_ 


I.h.p. Per cent Engine Load 


19.3 
18.3 
18.4 
19.0 


16 The foregoing analysis shows that the process of fuel injection 
resolves itself into two distinct phases, which are in no direct relation 
to each other: 


a The measuring and depositing of the proper amount of 
fuel in the injection valve cage which is the function of the 
oil pump and may practically be performed at any time 
during the cycle of events in the engine. (Fig. 4 arbi- 
trarily shows that this takes place at the beginning of the 
upward stroke of the piston.) 

b The actual injection period, which is timed by the opening 
and closing of the injection valve, while it is the function 
of the injection air to pick up the fuel, atomize it and carry 
its small particles into the cylinder. The injection valve 
opens from 5 deg. to 8 deg. before the piston reaches the 
upper dead center, and closes about 28 deg. to 31 deg. 
past center. (The earlier opening and closing applies 
to heavier fuels.) 


17 In order to properly distribute the oil and to direct the 
injection air so as to facilitate complete atomization, special acces 
sories, atomizers or distributors, are used, which are placed in front 
of the injection nozzle m. Fig. 6 shows a typical atomizer used oD 
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}huropean Diesel engines. A series of plates b, arranged just below 
space s around the injection valve guide g, are provided with small 
holes in such a way that they straddle each other from plate to plate. 
These plates help to retain the oil after having been deposited in 
space s, while the holes will equally distribute it and mechanically 
divide the blast of injection air into small streams, thus disinte- 














Fig 6. Typrcat ATomizeR USED ON European Disset Enatnes!} 


grating the fuel passing down through them. By means of pas- 
sages p arranged in the circumference of plug /, these streams are 
directed into the injection nozzle m where they acquire their maxi- 
mum velocity. The resistance of the oil against the abrupt accel- 
eration thus produced causes the oil to be disintegrated into small 
particles which are carried directly into the body of highly heated 
air in the combustion chamber. 





OIL ENGINES 
AMERICAN DIESEL ENGINE 


18 On the American Diesel engine, a cross-section of the latest 
design of which is shown in Fig. 7, the fuel injection valve and atomizer 
are arranged horizontally on the side of the combustion chamber. 
Owing to this horizontal position particular care must be taken to 
distribute the oil equally around the circumference of the injection 






























































Fig. 7 Cross-SecTION oF AMERICAN DIESEL ENGINE 


valve. A sectional view of the atomizer is shown in Fig. 8. il and 
injection air come together in space s, the oil entering along passage 
e and annular ring space r through a ring of holesh. As the injection 
valve n opens, air and oil, being divided into small streams by a circle 
of holes p, are forced into the injection nozzle m, where these streams 
impinge upon each other, thus atomizing the fuel. 
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SABATHE ENGINE 


19 A modification of the Diesel engine has recently been brought 
out in France, known as the Sabathé motor, which is evidently an 
attempt to eliminate the rather inconvenient requirementof variable 

‘injection air pressures with varying loads. Its fundamental features 
are identical with those of the Diesel engine (Figs. 4 and 5), with this 
exception, however, that not only the delivery of oil but also the lift 
of the injection valve n are here varied by the governor according to 
the load on the engine. Constructional details of the injection valve 
and nozzle are shown in Fig. 9. Aside from the injection valve n, 
a second valve », sliding on n and being ordinarily held down on its 
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seat by spring 7, is provided. This valve v is lifted by collar r on the 
injection valve stem when the lift of the latter is sufficient to do so. 
On light loads only enough oil is delivered by the oil pump to fill 
chamber e underneath the valve v. This is blown into the cylinders 
when needle valve n lifts, the injection air passing down groove p 
in the needle valve stem. On heavier loads the amount of fuel de- 
livered by the pump fills chamber e and overflows into space s; the 
lift of injection valve n is regulated by the governor in such a way that 
first the oil contained in chamber e is injected and then by lifting valve 
?, also that contained in space s. The pressure of the injection air 
is maintained at 800 lb. 


OIL ENGINES 


DE LA VERGNE FH TYPE ENGINE 


20 A notable combination of the Diesel principle, as illustrated by 
Figs. 4 and 5, with the hot-bulb arrangement of Fig. 1, is the type 
FH engine of the De La Vergne Machine Company, New York (Figs. 
10and11). The engine operates on the 4-stroke cycle and compresses 
the air to about 250 to 300 lb., instead of 500 Ib. as in the Diesel en- 
gine. The temperature thus obtained would not be high enough to 
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Fic. 9 AToMIZER OF SABATHE ENGINE 





ignite the fuel; recourse is therefore taken to a hot bulb D, the air in 
which, owing to the heat radiated from its uncooled walls, attains a 
higher temperature than that contained in the combustion chamber. 
For starting, this bulb is heated externally by means of a blow torch, 
10 to 15 minutes being required for this purpose. At the end of the 
compression stroke the fuel is injected by means of an air blast of 
about 600 lb. pressure, from the injection nozzle F across the combus- 
tion chamber into the hot bulb D, where it is immediately ignited. 
Owing to the comparatively large distance the fuel spray has to trans- 
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verse after it leaves nozzle F until it is ignited in D, ignition first pro- 
luces a considerable pressure increase (combustion at constant vol- 
ume), to be followed by combustion at approximately constant pres- 
sure. This is shown on the two indicator cards (Fig. 12), where it 
will be noticed that the maximum pressures reach very nearly 500 
ib., i.e., about the same as in the Diesel engine. As far as strains in 
the engine are concerned there is, therefore, not much difference be- 
tween these two types. However, it must be remembered that in the 
Diesel engine this high pressure must be obtained at the end of the 
compression stroke in order to secure ignition, while in the De La 
Vergne engine, ignition is certain at about half that pressure. The 
requirements as to workmanship, and especially attendance, are 
therefore less severe. 
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Fig. 10 Fig. ll 
Type FH De La Verane ENGINE 


21 A 2-stage air compressor C, driven by an eccentric from the 
engine shaft, supplies the injection air. The air compressed by the 
first stage is stored in tanks ¢ (Fig. 13), at a pressure of from 125 to 
150 lb., and is available for starting the engine. The second stage of 
the compressor draws the air from one of these tanks, the amount 
drawn in being regulated by the governor by means of valve » to suit 
the varying charges of oil at each injection, and forces it directly into 
the injection valve cage, without an intermediary storage tank. It 
is needless to say that the resulting absence of tanks under extremely 
high pressures is a very desirable feature, while on the other hand it 


is, of course, imperative that the high-pressure stage of the compressor 
works with absolute certainty. 
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22 Fig. 14 shows constructional details of the injection valve and 
atomizer used on the type FH engine. Oil and injection air come 
together in annular space s formed between the injection valve guid 
g and cage a. As the injection valve n opens, oil and air proceed 
along the outside of guide g and are forced to pass through a series 
of chambers connected by a system of fine diagonal channels d on the 
outside of g. The oil is thus equally distributed around the circum- 
ference of needle valve guide g and enters injection nozzle m in a state 
of fine subdivision from where it is blown into the combustion chamber 
und hot bulb. 

23 Undoubtedly owing to the fact that part of the oil charge is 
burned at constant volume, the fuel consumption of this engine is 
remarkably low considering the comparatively low compression. 
Thus according to tests made by Dr. Waldo on a 125-h.p. engine’, the 
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Fig. 12 Inpicator Carps, Type FH De La VerRGNE ENGINE 


minimum oil consumption was found to be 0.374 lb. per b.h.p-hr. 
with the engine carrying a load of 129 b.h.p. at 157 r.p.m. A report 
from the Snead and Company Iron Works, Jersey City, N. J., shows 
the following results for twelve months’ operation. The plant, con- 
sisting of a twin cylinder 17 in. by 273 in. engine, operated 3033 hr. 
at a load factor of 54 per cent; fuel oil consumption per h.p-hr., 
0.506 Ib. 


OIL-PUMP ARRANGEMENT 


24 The fact that the function of the fuel oil pump is in no direct 
relation to the cycle of events in the cylinder is taken advantage of 
by some European Diesel engine manufacturers on their multi- 
cylinder engines. Instead of using one oil pump for every cylinder, 
as is, for instance, the practice of the American Diesel Engine Com- 


1Engineering News, January 13, 1910. 
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pany, they use only one pump for all cylinders. This pump delivers 
the oil into a distributer where, by means of a series of check valves 
and restricted passages which artificially increase the resistance 
against flow, it is thus equally divided into as many streams as there 
are cylinders. Considering the severe conditions under which it has 
to work on the Diesel engine, the advantage derived from the result- 
ing reduction of oil pump parts is obvious. 

25 As to details of construction of the oil pump, current practice 
seems to indicate a preference for a positively operated plunger (oper- 
ated by an eccentric) rather than one operated by a cam where the 
stroke is varied according to the load by letting the governor shift 
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Vie. 18 ScHEME OF INJECTION AND StartTinG Arr Ovtrit or Type FH 
Dre LA VERGNE ENGINE 


a wedge block in between the cam and the plunger. In the former 
the displacement of the plunger is of course constant and consider- 
ably larger than that required for the maximum charge of fuel oil; 
the excess amount of oil is discharged through the suction valve 
(Figs. 4 and 5), the opening and closing of which is determined by the 
position of the governor. This valve and also the mechanism for 
its operation are constructive elements which require the utmost 
care in design as well as workmanship, as upon their proper action 
depends primarily the accuracy of fuel oil delivery. Frictional resist- 
ance of the valve, which is liable to prevent its prompt closing, is 
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especially important and must be reduced to a minimum. It is 
therefore not advisable to have the valve stem pass through a stuffing 
box. The best practice at present is to use a positively-operated 
plunger for the operation of the inlet valve, this plunger passing 
through the stuffing box and thus practically eliminating friction as 
far as the valve is concerned. 


MODIFICATION OF DIESEL TYPE WITH OPEN FUEL INJECTION NOZZLE 


26 <A very promising departure from the original Diesel engine 
which has been developed particularly for horizontal engines during 
the last two or three years by several German designers, is represented 
by Figs. 15 and 16. Its distinguishing feature is the open fuel injec- 
8 


Sas 


mT - ot 
So &, 























Section’ A-A’ 
Fie. 14 Atomizer or Typr FH De La VERGNE ENGINE 


tion nozzle m, through which space s is continuously in communica- 
tion with the engine cylinder. Fig. 15 shows again the period where the 
oil pump o delivers a measured quantity of oil into space s; this hap- 
pens when the piston begins its compression stroke, i.e., when the 
pressure in the engine cylinder and therefore in space s islow. Valve 
n opens shortly before the end of the compression stroke (Fig. 16), 
thereby admitting a blast of injection air,which picks up the fuel depos- 
ited in space s and blows it through injection nozzle m into the cyl- 
inder. Injection air of pressures varying with the load, the same as 
on the original Diesel engine, is taken from the storage tank ¢ kept 
charged by the separate air compressor a. 

27 Constructional details of a typical injection nozzle and air 
admission valve are shown in Figs. 17 and 18. It will be noticed that 
no atomizer is used; the oil is blown directly from space s through 
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injection nozzle m into the cylinder. The air admission valve n 
is operated by a push rod r, provided with a valve v on its inner end 
which prevents any leakage along rod r, except during the very short 
interval where it opens the air admission valve n. A stuffing box, 
such as on the injection valves n of the original Diesel engine (Figs. 
6 and 7), is therefore not necessary. At the heavy pressures under 
which these stuffing boxes have to work it happens quite easily that 
by excessive tightening of the glands, the valves are prevented from 
closing properly, thus causing loss of injection air and even pre- 
mature ignitions. By mc ins of a test cock K the proper delivery of 
oil may be ascertained. 

28 As already mentioned air of approximately the same pressure 
as injection air is being used for starting Diesel engines. It is evident 
that under such enormous pressures a very small charge of air will 
suffice for this purpose. This is taken advantage of in this case by 
operating valve n, for starting, by the same cam and lever as when the 
engine is in actual operation. By opening by-pass valve y communi- 
cation to the cylinder will be established through passage p, through 
which, in addition to the open injection nozzle m, enough air is ad- 
mitted to start the engine. This makes an admirably compact and 
simple arrangement, although, on account of the short duration of 
the starting air admission period, the proper starting point of the 
engine must be closely observed. 

29 The method of depositing fuel in the open space s is undoubt- 
edly of advantage so far as the oil pump is concerned as it permits the 
delivery of oil against a far lower pressure than in the original Diesel 
engine. 


AIR SUPPLY 


30 In all the various types of modern oil engines just discussed 
the apparatus required to obtain the high-pressure injection air forms a 
comparatively complicated and therefore expensive accessory. The 
2-stage air compressor contains four valves. Either the suction valve 
on the low-pressure or high-pressure stage must be provided with an 
adjusting device to vary the amount of air drawn in according to the 
oil charge. The storage tank ¢ should also be provided with three 
valves, one to close it off towards the engine, one towards the com- 
pressor, and one safety valve. All these parts, together with a pipe 
line of sometimes considerable length with many joints, being con- 
tinuously under a pressure of from 750 to 1000 lb., require no small 
degree of attention. That on the smaller units particularly, where 
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m account of their smallness these parts become extremely delicate, 
this becomes a matter of considerable importance, may be judged 
from the following dimensions of the 2-stage air compressor of the 
latest 5-h.p. Diesel engine: low-pressure cylinder diameter 2% in.; 
high-pressure cylinder diameter }% in.; stroke 23 in. 

31 Attempts have been made to simplify matters by attaching one 
single-stage compressor, driven by a lever from the connecting rod, 
to each cylinder, this compressor receiving precompressed air out of 
the cylinder at a pressure of from 100 to 150 1b. This, however, neces- 
sitated an extra valve in each cylinder head, aside from other con- 




















Fie. 18 
Typicat ‘‘Oprren’’ INJECTION NozzLE AND AIR VALVE 


structive complications, and it was found furthermore that oil vapors, 
taken over with the air from the engine cylinder, had a tendency to 
foul the compressor valves, thereby rendering proper compression 
impossible. 

32 In many respects far more promising at least for smaller units 
is the scheme to eliminate the air compressor entirely and instead to 
generate the injection air right in the engine at the moment fuel in- 
jection is to take place (Figs. 19 and 20). The special 2-stage air 
compressor is here replaced by a small chamber a, forming part of the 
engine cylinder and communicating with the latter through passages 
‘and k. During the charging period (Fig. 19), the auxiliary piston 
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t is in its lowest position, so that port 7 is wide open, while the oil 
pump o delivers the proper amount of fuel into space s which com- 
municates with the engine cylinder through the open injection nozzle 
m. Auxiliary piston ¢ remains in this position until almost to the 
end of the compression stroke; up to this time the air pressure in 
chamber a will therefore be the same as in the engine cylinder. 

33 To start the fuel injection (Fig. 20), auxiliary piston ¢ is caused 
to move quickly upwards, thereby first covering passage 7, and then 






































Fig. 19 
O1t ENGINE with AUXILIARY INJECTION AIR PISTON 


compressing the air in chamber a to a pressure higher than the one 
in the cylinder. This causes the air to flow from a through passage 
k into space s where it picks up the deposited fuel and blows it through 
the injection nozzle m into the cylinder. 


TRINKLER-KORTING ENGINE 


34 Fig. 21 shows a cut through the head end of an engine of this 
type, designed by Trinkler-K6rting and built to work on the 4-stroke 
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cycle. The auxiliary piston / is provided with a stem of comparatively 
large diameter whereby the effective piston area is greatly reduced 
on this end; the piston stem passes through a stuffing box to the out- 
side where it engages at c with lever cde. This lever, together with 
ell crank fgh, form a releasing gear operated by cams 6. As shown 
on the cut, lever cde is just being released at h; owing to the larger 
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total pressure acting on the full piston area, this piston ¢ is now caused 
to move quickly outwards, with the result already explained. 

35 From the foregoing it will be noticed that while injection air 
is being generated in the chamber a, fuel is already deposited in space 
s. Since the latter is in communication with a, through the open 
passage k on one side, and with the engine cylinder through the open 
injection nozzle m on the other side, it is quite obvicus that auxiliary 
piston ¢ must be made to move at the highest possible speed so as to 
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prevent as much as possible the injection of fuel before the injection 
air has acquired the velocity necessary to atomize the fuel. This 
explains the use of a releasing gear for the auxiliary piston as shown in 
Fig. 21, although its limitations are well known; even on speeds which: 
are considered moderate on internal-combustion engines this gear is 
liable to work rather noisily. 

36 By depositing the fuel into the open space s at the beginning 
of the compression stroke the same advantages are derived as far as 
the oil pump is concerned as on the modified Diesel engine. A less 
desirable feature is the fact that the oil has to lie during the whole 
compression stroke in space s in contact with surfaces and air which 
attain high temperatures; this facilitates partial evaporation of the 
fuel, premature ignition if the fuel contains components of low vol- 
atility, and especially the formation of deposits which require fre- 
quent cleaning of the nozzle. This criticism applies to a certain 


600 - 600 - 
500 - 500 4 
400 — Fur. Loao 400 4 No Loao 
300 + 300 + 


200 _ 200 4 
100 100 - 
] el ] 











Fig 22 Inpicator Carbs, TRINKLER-K6ORTING ENGINE 


extent also to the modified Diesel engine (Figs. 15 and 16), although 
it must be remembered that there the injection air, having been well 
cooled in the 2-stage compressor a and in tank ¢, helps to cool space s 
during the injection period, while in the Trinkler engine the temper- 
ature of the injection air will help to keep the temperature in s high. 

37 A matter of considerable difficulty seems to be to pack prop- 
erly the auxiliary piston stem. Since the auxiliary piston is exposed 
on both ends to the highest temperatures, while there is practically 
no means for cooling it nor even its chamber a, the temperature of its 
stem becomes considerably higher than what is considered allowable 
in stuffing box practice. In addition to this the stuffing box should 
be able to withstand maximum pressures of about 600 lb. All leak- 
age along the stem should of course be prevented, especially since the 
air available for fuel injection amounts to only about one-tenth the 
clearance volume in the engine cylinder. On the other hand if the 
stuffing box gland is tightened too much, friction easily becomes 80 
excessive as to render inaccurate the movement of piston ¢, which 
alone times the fuel injection period in this engine. 
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38 The pressure of the injection air generated in this engine 
remains practically constant at all loads, since it depends entirely 
upon the difference of the effective areas of piston t, i.e., the diameter 
of the piston stem. A variation of injection air pressures to suit the 
varying amounts of fuel, such as is found to be of advantage in the 
Diesel engine, is therefore out of the question. 

39 Fig. 22 shows two indicator cards taken on a Trinkler engine." 
it will be noticed that the compression pressure is 400 lb. At normal 


























HASELWANDER ENGINE*, 


load combustion sets in, first at approximately constant volume and 
then at a constant pressure of about 500 lb. On a 12-h.p. motor the 
consumption of Russian fuel oil was found to be 0.48 lb. per b.h.p. at 
normal load, and 0.52 Ib. per b.h.p. at one-half load. 


HASELWANDER ENGINE 


40 Considerably simpler than the Trinkler engine although not 
working under quite the same principle, is the Haselwander engine, 


‘Zeitschrift des Vereins deutscher Ingenieure, 1907, p. 903. 
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(Figs. 23 and 24). The auxiliary piston ¢ of the former is here re- 
placed by the projection ¢ on top of the main piston, while the cylinder 
top carries a corresponding contraction. As in the previous two ex- 
amples, fuel is delivered by the oil pump o into space s at the begin- 
ning of the compression stroke (Fig. 23), and remains stored there, in 
front of the open injection nozzle m, until near the end of the stroke. 

41 When nearing the upper dead center projection ¢ of the main 
piston enters the contracted cylinder top, thereby forming an annular 
chamber a in the cylinder (Fig. 24), in which the air is being com- 
pressed to a higher pressure than the body of air above t. The in- 
jection air thus obtained in annular chamber a now flows through /: 
into space s, where it displaces the stored fuel and injects it through 
nozzle m into the cylinder. The height of projection ¢ is, of course, 
limited by the desideratum that fuel injection and ignition must not 
take place until the piston has practically finished its compression 
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stroke, as otherwise the strain on the crank mechanism due to the 
sudden increase in pressure becomes excessive, especially after the 
engine is warmed up and ignition takes place much more quickly. 
42 Strictly speaking the Haselwander engine does not therefore 
belong in the class of constant-pressure engines; fuel being injected 
during the short interval where projection ¢ enters the contracted cyl- 
inder top and the end of the stroke, combustion will practically take 
place at constant volume. Since the air in the cylinder is compressed 
sufficiently high to ignite the fuel when injected into it, it follows that 
the maximum pressures in this engine must become rather high. 
This may be seen from the indicator card, Fig. 25, where the compres- 
sion pressure is 240 lb., while the maximum explosion pressure amounts 
to about 650 lb. In his later designs, Haselwander has increased the 
compression pressure sufficiently to do away with the igniter which 
in his older models with lower compression was necessary for starting 
the cold engine. As far as thermal efficiency is concerned, this is 4 
point in favor of the Haselwander engine, for it is well known that, 
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compression being equal, the constant-volume engine is superior to 
the constant-pressure engine. Tests made on a 10-h.p. single-cylin- 
ler, horizontal, 4-cycle engine of the older type, running at 250 
r.p.m., gave the following results: 


Load in b.h.p......... whedgngsesties ces 11.6 10.5 9.2 7.2 5.2 
uel consumption per b.h.p-hr. in Ib....0.51 048 0.51 0.5 0.60 
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The fuel used was Pechelbronner crude oil, specific gravity 0.814, 
heat value 18,350 b.t.u. 

43 In order to prevent any possible ill effects from wear on piston 
and cylinder walls, the projection ¢ fits into the contracted cylinder 
top with considerable clearance. This, however, produces the rather 
serious drawback of allowing the hot gases of combustion to flow past 
projection ¢ into the annular space a, where the pressure is of course 
much lower at the time of explosion in the combustion chamber. 





1194 OIL ENGINES 


As a result projection ¢ will gradually be scorched and burnt off, thus 
increasing the clearance space to an extent such as to cause excessive 
leakage losses of injection air. 

44 This difficulty, it is claimed by the inventor, has been entirely 
overcome by the design shown in Fig. 26. Here the projection ¢ 
has been very cleverly combined with the baffle plate commonly used 
on top of the piston of ordinary 2-cycle engines. By laying this 
baffle ¢ in the plane in which the side thrust of the connecting rod 
manifests itself, the influence of wear on piston and cylinder walls 
has been eliminated, making it possible to reduce the clearance at 
x to a minimum. 

45 The drawbacks incidental to the method of depositing fuel at 
the beginning of the compression stroke in space s, in front of the open 
injection nozzle m, undoubtedly make themselves felt in a larger 
measure in this engine. Not only is the temperature in space s kept 
high by the hot injection air, but it is liable to be increased very 
considerably by the burning products of combustion being blown 
back from the combustion chamber through nozzle m and space s 
into a where the pressure is at that moment lower. 


DISCUSSION OF ENGINE FEATURES OF DIFFERENT TYPES 


46 The very favorable thermal efficiency of the Trinkler and 
Haselwander engines, their fuel consumption being almost equal to 
that of the Diesel engine, although obtained with far simpler means 
than in the latter, seems to point a way for future developments. 
Especially for units up to about 15 to 20 h.p., which by making proper 
provisions can be easily started by hand, the elimination of the extra 
air compressor is of great advantage. But even for larger units, where 
an air starting outfit is needed and as we have.seen generally com- 
bined with the injection air compressor by Diesel engine manufac- 
turers, the production of injection air by the principle incorporated in 
the Trinkler and Haselwander engines seems to offer certain advan- 
tages for the reason, as already mentioned in discussing the Diesel 
engine, that care must be taken to have the injection air weil cooled; 
its temperature is very little higher than the engine-room temper- 
ature when it reaches the injection valve cage. The drop of pressure 
of the injection air during the injection period varies, according to 
the load, from 250 to 500 lb.; this, of course, is accompanied by a 
temperature drop. Since the volume of free air expended for every 
injection is equal to about one-twelfth to one-eleventh the displacement 
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of the piston, the amount of heat absorbed is therefore consider- 
able. Thus by careful calorimetric measurements the operating 
temperature of the atomizer was determined to be 180 deg. fahr., 
which, considering the fact that its lower end reaches directly into the 
combustion chamber, is quite low. As a result the air and oil spray 
is cold enough when injected to lower materially the temperature of 
the air in the combustion chamber, thus endangering the certainty 
of ignition. This cooling effect manifested itself very strikingly 

















Fig. 27 Setz Or Engine wits Avuxitiary INJECTION AIR PISTON 


when the first attempts were made to burn heavy coal tar oils in the 
Diesel engine. Only after the engine had been in operation for some 
time, and was therefore warmed up, could the injection air pressure 
be raised sufficiently to get somewhat near complete combustion, but 
even then frequent ‘‘misses” or late explosions occurred. This dif- 
ficulty could be successfully overcome only by injecting first a very 
small charge of a lighter oil, immediately followed by the charge of coal 
tar oil. Practically all the leading Diesel engine manufacturers in 
Germany have recently adopted this expedient, and quite a number of 
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ingenious constructions have within the last year or two been developed 
for this purpose. In all these schemes the fundamental idea is to 
inject, with the very first particles of injection air, oil particles which 
will immediately be vaporized and ignited, before enough of the cold 
injection air enters the combustion chamber to cool the air there 
materially. Even for ordinary fuel oils this is a prime requisite in the 
design of atomizers and injection nozzles to counteract, without 
resorting to excessively high compression, the cooling effect of the 
injection air, especially at light loads. 

47 It is evident that this phenomenon will at once be eliminated 
if the injection air is obtained as illustrated by the Trinkler and Hasel- 
wander engines, or by any other process which will produce heated 
injection air; thus in the Trinkler engine, with the compression pres- 
sure considerably lower than in the Diesel engine, self-ignition was 
successfully obtained from the start. Heated injection air, however, 
introduces the complications dealt with in discussing the method of 
depositing fuel in front of the open injection nozzle at the beginning 
of the compression stroke, or for that matter, in any engine where 
fuel (or fuel vapors) and air come into contact with each other before 
the actual injection period. This method of introducing the oil will, 
therefore, have to be abandoned in favor of a scheme for keeping it 
entirely separate from all air until the injection period begins. 

48 There is another consideration which speaks for such a step. 
It will be noticed that the injection process of all these various types 
of engines distinctly resolves itself into the two phases alluded to in 
Par. 16. As a result the engine makes at least one-half a revolution 
between the time where the measured quantity of oil is delivered and 
where its energy is liberated in the engine cylinder; in other words, 
the development of the indicator diagram is not positively controlled 
by the governor. In order to accomplish this the oil admission period 
and the injection period must fall together; regulation will then be 
similar to that of the steam engine, where the energy carrier is admit- 
ted and controlled by the governor at the beginning of the working 
stroke. 

49 Under this condition it should then be possible to use injection 
air of a higher temperature than is now feasible, and as a result the 
compression pressure in the cylinder may be materially lowered. It 
is true that this will slightly lower the thermal efficiency; on the other 
hand, it must be remembered that, at least for small units, extreme 
efficiency is not so much the desideratum, especially in this country, 
as extreme simplicity and reliability of operation, which are, of course, 
very dependent on the working pressures. 
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50 It seems probable that the introduction of the fuel into a blast 
f injection air at the moment fuel injection is to take place, instead 
if employing the old method where the air blast has to pick up the 
uel, would, aside from the advantages just mentioned, make it pos- 
ible to use injection air of a lower pressure. This induced the author 


Fic. 28 Setz Enaine STANDING ON TESTING BLock 


some two years ago to build a simple apparatus by means of which 
either one of these two methods could be used. Since the observa- 
tions to be made were of a relative nature only, the air and oil spray 
was merely blown into the atmosphere, although a series of such 
experiments conducted under actual workiug pressures, with various 
shapes of nozzles, would undoubtedly help to throw much light on a 
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subject on which, judging from the many theories prevalent among 
designers of modern oil engines, little actual knowledge seems to exist. 
Unfortunately the limited time and means available did not permit 
the author to pursue his experiments as far as at first contemplated, 
nor to find a way to determine positively the important although 
elusive degree of atomization. After several futile attempts this was 
finally judged merely by two independent observers. Under these 
conditions few data of actual value could be obtained; the fact, 
however, has been positively established that in the case of the grad- 
ual introduction of the fuel into the injection air blast, considerably 
less energy was required to atomize it completely than under the old 
method. This was especially apparent when the oil was introduced 
in the form of a very fine film, thus affording a large surface over 
which the “disintegrating” of the oil could take place. 


SETZ ENGINE 


51 On the strength of these observations, as well as on the fore- 
going critical analysis, an experimental engine was subsequently 
built, the general scheme of which is shown in Fig. 27, representing 
the injection period. The principle of obtaining injection air is the 


same as that described in Pars. 32 and 33 (Figs. 19 and 20). The 
auxiliary piston ¢ has just produced injection air of sufficiently high 
pressure to obtain the desired velocity through passage k, from 
whence it is directed into space s in such a way as to cause it to circle 
around its wall down towards nozzle m. At this moment pump o 
begins gradually to force the required quantity of oil into space s 
at a velocity determined by the tension on spring g of valve n. The 
oil is therefore forced directly into the stream of injection air, the 
velocity of which is relatively much higher than that of the oil, and 
the resulting abrupt acceleration of particle for particle of oil pro- 
duces a complete spray at a minimum expenditure of energy. An 
important feature of this arrangement is the fact that valve n admits 
the fuel in the form of a very fine, cone-shaped film, thus distributing 
it equally over the whole surface of the injection air blast. This 
introduction of the fuel continues until oil pump valve v, which is 
under control of the governor, opens, when valve n will automatically 
return to its seat and close off the oil passage, or rather the oil contained 
therein, from all contact with air until the next injection period begins. 
The functions of valve n are thus three-fold: 
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a To determine the velocity with which the oil is to enter 
space s. 

b To distribute equally the oil introduced over the whole sur- 
face of the injection air stream. 

c To prevent the possibility of air and oil coming in contact 

with each other except during the injection period. 


52 It is evident that in this engine the duration of the injection 
period is determined by the oil pump 0; provisions must therefore be 
made to start the admission of fuel under all loads at the same point, 
relatively, to the position of the main piston. This is accomplished 
hy means of valve 1, which always closes at a fixed point of the pump 
stroke when the delivery of oil begins and continues at a rate deter- 
mined by the diameter and stroke of the plunger. 

53 Fig. 28 gives a view of this engine standing on the testing block. 
In the near future the writer expects to be in a position to give a de- 
tailed description of the constructive elements used, and to produce 
the data obtained by the experimental investigations now going on. 
What little has already been obtained promises to prove the prac- 
ticability of the scheme depicted by Fig. 27, which, in its practical 
form, represents an engine of surprising simplicity. 

54 In conclusion the writer wishes to emphasize the fact that the 
design and manufacture of oil engines is preéminently a matter of 
detail work, which might appear insignificant compared with the 
general problems involved in the design of an engine. However, 
the history of the development of the Diesel engine shows that it is 
just these details requiring, if properly conceived, no small amount 
of engineering skill in their construction, that determine the prac- 
ticability of the modern oil engine; aside from the purely analytical or 
speculative problems involved in these details, the selection of proper 
materials and ‘fits,’ which experience and close observation alone 
can teach, are matters of utmost importance, and only the very best 
of tools and extremely accurate workmanship, together with broad- 
minded business principles, will make it possible to reach the high 
standard necessary to attain success. 

55 Looking over the situation of the oil-engine industry in this 
country, where conditions for extended activity on this field are prob- 
ably more favorable than elsewhere, it must be admitted that very 
little has so far been accomplished. Our patent records are not want- 
ing in evidences of interest, nor have manufacturers overlooked this 
prime mover. Of far greater moment than the patent specification 
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is a full appreciation of the importance of details, the development of 
which along sane principles must be the designer’s foremost aim. 
That this may involve a considerable amount of experimental work 
should form no barrier, for the commercial possibilities are well 
worth every earnest effort. There is a growing demand in this coun- 
try for reliable engines that will burn efficiently the heavier hydro- 
carbons, and it is safe to predict that the near future will see great 
strides towards the advance of these prime movers. 


Since this paper was written an admirable treatise on the same subject by 
Prof. A. Naegel, appeared in No. 32 of the Zeitschrift des Vereins deutscher 
Ingenieure, which gives a very complete review of the present status of the 
modern oil engine in Germany. Particularly the very latest developments of 
large units, as well as the provisions made for the utilization of the heavy 
coal tar oiJs, are fully described and illustrated. Although it will probably 
be some time before American engineers will be called upon to direct their 
attention towards such advanced problems, a perusal of said article is here- 
with recommended, especially since the many excellent illustrations are 
highly suggestive. 





THE CORE ROOM: ITS EQUIPMENT AND 
MANAGEMENT 


By Henry M. LANE 
ABSTRACT OF PAPER 


This paper deals with the subject of foundry cores and core-room practice 
inder the following headings: core-room location and arrangement; core 
sands and core binders; selection and compounding of core materials; core 
ovens and core drying; core pasting; core handling and core storage; core ma- 
chines and core room rigging. Investigation of the subject has been made 
through the assistance of many firms and individuals interested in securing a 
more uniform product from the foundry and one of higher quality. A consider- 
able portion of the work was done at the laboratory of the Robson Process 
Conpany, Covington. Va., where extensive experiments were made on cores 
and core sands and binders, including core baking. The object of the paper 
is to show mechanical engineers that it is possible to meet their requirements 
in the production of castings, but that to accomplish this result core room 
practice cannot be based on rule-of-thumb methods; instead it must ap- 
proach the precision and certainty to be attained by the introduction of labor- 
atory methods. 











THE CORE ROOM: ITS EQUIPMENT AND 
MANAGEMENT 


By Henry M. Lane, CLEVELAND, O. 


Member of the Society 


The object of this paper is to bring to the attention of mechanical 
engineers the fact that by proper study of details in the foundry 
and core room, it is possible to produce castings better suited for ma- 
chine construction than those now ordinarily furnished, particularly 
in regard to their interior or core surfaces. 

2 For the present purpose a core may be considered as any body 
of sand that is formed apart from the mold and then introduced into 
he mold during its construction or after the mold proper is finished. 
The function of a core is to form certain faces of the casting, either 
nterior or exterior. 

3 Common sense dictates that the faces formed by the core 
hould be as good as those formed by the body of sand comprising 
he mold proper. This, however, is not generally the case. Until 
pcent times wooden boxes were largely used in making cores and 
ttle care was taken. The baked cores were filed to fit one another 

the mold. No attempt was made to produce very accurate holes; 

fact, the machine shop frequently preferred to cut openings from 

lid metal rather than to contend with irregular and poorly cored 

bles full of adhering sand and scale. There is no excuse for prac- 

e of this kind and a machine shop has a right to demand as perfect 
finish on the interior of a casting as on the exterior. 

4 Some of the best core-room practice is found in the specialty 
ops, such as of manufacturers of radiators, pipe fittings, gas stove 

ers and automobile engines. In these shops the equipment has 
en perfected to such an extent that the castings are turned out true 
size within limits of a few hundredths or thousandths of an inch, 
ving that much thought has been spent on the core room and its 
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equipment. But even in the finest and most progressive plants we 
find conditions which cause loss of time and money. In some plants 
where the engineers have given painstaking care to the design and 
construction of the core boxes and core driers, and are using various 
types of core machines, they are using sands of such a nature that the 
ingredients of the sand destroy a considerable portion of the oil 
or other material used as a binder, necessitating an excess of binder, 
which means unnecessary expense. Most core rooms, also, are ham- 
pered by some one condition which is considered a fixture, such as 
an antiquated oven, a cheap local sand or the prejudice of the fore- 
man in favor of some binding material. 

5 For the past four or five years the author has given partic- 
ular attention to the problems of the core room. While many fou- 
dry friends have been ready to try experiments at his suggestion, 
there has been difficulty in harmonizing their results, or in harmonizing 
results in the same plant when the experiments were carried on a few 
weeks apart. All have felt the need of improvement in this line, 
but it required someone to act as a clearing house of ideas, to plan 
the tests, to see that they were carried out in different plants, and 
above all, a central laboratory which could unite the results of the 
different experiments. 

6 At this juncture the Robson Process Company tendered the 
use of its well equipped chemical and physical laboratories at Coving- 
ton, Va. and at the author’s suggestion set aside a large room for 
the installation of core ovens and testing machines. With this 
laboratory available the codperation of other manufacturers and 
dealers was asked and they have all rendered hearty assistance. In 
another part of this paper will be found a list of the sands furnished 
and tested and a list of the binders tested. 


THE LABORATORY AND EQUIPMENT 


7 A general description of the laboratory equipment and meth- 
ods used will prove helpful to a more ready understanding of the 
paper. 

8 Sand Mixing. All of the sand samples are thoroughly mixed 
before the batches of cores are made. There is no regular mixing mill 
available and so the following method is adopted: The dry sand is 
measured out, the binder added, and the mass worked over by hand 
until the binder seems to be thoroughly distributed throughout the 
sand. In working by hand the sand is rubbed between the hands, 
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and the desired amount of water for tempering then added. A care- 
ful record of the exact amount of water used should be kept in all 
cases so that the experiments can be duplicated with exactness. The 
sand is then taken on an iron plate and mixed by rubbing with an 
iron pipe as in Fig. 1. It will be noticed that the sand is made into 
a pile and a little of the end of the pile cut off with the pipe and 
rubbed forward at each stroke. 

9 This method of mixing molding sands was used by Mr. Ron- 
ceray in illustrating the advantage of milling sands in a paper 
which he read before the American Foundrymen’s Association at 











Fig. 1 MIx1NG SAND ON A PLATE WITH AN IRON PIPE 


the Philadelphia convention some years ago. By this means, a 
good molding sand was made from clay and sharp sand. 

10 It is arule at the laboratory to mix each batch of sand by 
cutting it over five times on the plate in addition to the hand mixing. 
The batch is then taken to the core bench or core machine, as the 
case may be. Very large batches have to be worked over a little at 
a time on the plate. 

11 Core-Making Equipment. A general view of the core-making 
bench and a portion of the core department is shown in Fig. 2. The 
central portion of the table is used for making cores by hand. At 
the ends of the table are mounted two core machines, the one at the 
right being a Wadsworth screw-feed machine, and the one at the left 
an Acme plunger-feed machine. 
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12 Both the machines are mounted on beavy planks hinged to 
the table at one end and arranged to be raised to various elevations 























Fie.4 Acme PLuNGER Core MACHINE FITTED FOR MAKING 1-1N. sq. CORES 


at the other. This is better shown in Figs. 3 and 4. The device 
enables the machines to be tested when feeding the cores out on a 
level surface and also when running the cores down hill at various 
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angles. This method of mounting was first called to the writer 
attention while experiments were being carried on with one of th: 
Acme plunger-feed machines in the making of cores of gangway «) 
old core sand at one of the plants of the International Harveste: 
Company. They found it was necessary to feed the cores down at 
an angle of 10 deg. to prevent buckling, but by so doing wer 
able to use a very cheap mixture composed entirely of old sand and 
a relatively small amount of binder. In Fig. 3 the Wadsworth 
machine is shown making 1-in. round cores and forcing them out 
on corrugated plates. Fig. 4 shows the Acme machine fitted for 
making three square cores at a time, and also illustrates the rod 











Fig. 5 Detroit JaR-RAMMING CoRE MACHINE IN THE AcT OF ROLLING OVER 


guide for keeping the square cores straight after they are run out 
on the plate; round cores are run out on a corrugated plate. The 
Wadsworth machine is also fitted with square core dies and in this 
case the cores are straightened by means of a straight edge. To test 
the advantage of jar-rammed cores the jar-ramming machine shown in 
Fig. 5 was installed, which shows it in the act of being rolled over, the 
core having been formed, the plate placed upon it andclamped. The 
machine is then raised, rolled over, and let down on to the core plate 
when the core box is removed and the plate passed to the oven. This 
machine is used largely for making cores 2 in. square 15 in. long 
for breaking on supports 12 in. apart. This larger size of core was 
adopted to test out mixtures used for heavy coves. 
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13 Core Testing. Much thought was given to the proper method 
of testing cores and several devices have been tried. For testing 
cores in tension an ordinary concrete testing machine is used with 
the standard tension pieces made in the ordinary briquette mold 
shown in Fig. 6. These briquettes are 1 in. thick and 1 in. wide in 
the narrow part, so that they have an area of 1 sq. in. at the point 
where they are broken. The cores are pulled in a small testing 
machine shown in Fig. 7. This machine, however, has a capacity 
of only 56 lb. and it was found that many of the cores could not be 
broken with it. It is exceedingly delicate, however, and so is fitted 
pre-eminently for testing delicate or soft core mixtures such as are 
used in aluminum foundries for crucible steel work, etc. 














Fie.6 Box or MOLD USED FOR MAKING TEsT CorEs FOR TENSION TEST 


14 For testing cores which develop greater strength the device 
shown in Fig. 8 was first constructed. This consists of two supports, 
the tops of which are formed with a 4-in. radius, giving a }-in. 
circle, the bearing points of the supports being exactly 12 in. apart. 
A l-in. square core 15 in. long is made in the core box shown at 
the bottom of Fig. 8, and the core then laid across the top of 
the supports with the shackle in the center as shown. The shackle 
is located by means of the piece of wood shown at the right which 
has a notch cut in it so that when the shackle bears against the end 
of the stick the 4-in. bolt will be exactly in the center of the core 
being tested. A pail is hung from the shackle and shot poured into it 
until the core breaks. The shackle is then dropped into the pail and 
the pail, shot, and shackle weighed on a spring balance, thus giving 
the weight which it took to break the core. 
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15 It was found that considerable care had to be taken to conduct 
the testing at about the same rate, that is, to pour the shot at about 
the same speed, so that the weight would come on to the core uni- 
formly and at a given rate. Where the shot was poured very slow] 
the core would break at a much lower figure than where the shot was 
poured rapidly. 

16 The use of a Fairbanks cement testing machine was secured at 
the Industrial Testing Laboratory of Cleveland and in Buffalo at th: 














Fig. 7 TENSION-TESTING MACHINE USED IN CORE EXPERIMENTS 


Buffalo Testing Laboratory. Series of cores were broken on these 
machines to test commercial mixtures. 

17 The author believes the tension test to be the fairest compara- 
tive one for a core as it can be applied more uniformly and easily 
than a transverse test. Cores are also more delicate when tested in 
tension, and develop greater strength, and small errors do not make 
as great a relative difference. Core mixtures were found in use in 
foundries the tension strengths of which varied from less than 3 
lb. per sq. in. to 150 lb. per sq. in., and apparently this wide range in 
strength isthoroughly justifiable to meet the varying needs of castings, 
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18 Baking Equipment. For baking the cores a small gas-fired 
oven was first used, which could be kept at a temperature of 400 to 
410 deg. without difficulty. When larger cores were made, however, 
and tests of mixtures compared, it became necessary to bake 
batches of considerable size at a time, and so a Wadsworth portable 
core oven was installed as shown in Fig. 9. This illustration also 
shows the Bristol recording thermometers attached to the core oven. 
One of the thermometer bulbs was placed under the top shelf and the 
other at the top of the bottom shelf. Three-quarter-inch iron pipes 
were carried through the back of the oven so that the thermometer 
tubes were at about the center of the oven. 














Fic. 8 Device ror BREAKING 1-1IN. sq. CoREs 


19 At first there was trouble in getting the required temperature 
in the oven, but by burning anthracite coal no further difficulty was 
experienced in maintaining the temperature at 400 to 410 deg. at 
either thermometer. In ordinary practice, however, when the vent 
at the top of the oven is wide open there: is a difference of from 
30 to 40 deg. between the two thermometers in this oven, the lower 
thermometer being the hottest. This is due to the fact that the 
cores on the upper shelves absorb heat and that the lower shelf is 
directly over the firebox. The lower thermometer at times is there- 
lore affected by some directly radiated heat, and this would also affect 
any cores being dried, as the radiated heat would strike the bottom 
of the core plate and tend to dry cores from the bottom up. 
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20 The Bristol thermometers attached to the core oven in Fig 
9 have also been used in testing the temperature in other ovens in 
different foundry plants. 

21 Fineness Tests. To determine the relative proportion of the 
different sized sand grains in a given core sand it was necessary to 
conduct fineness tests. This was done with a set of Tyler standar« 
sieves, of 20, 60, 80, and 100 mesh. A fineness test was made on al! 


Fic. 9 WapswortH PorRTABLE CorE OVEN WITH BRISTOL RECORDING THER- 
MOMETERS ATTACHED 


sands tested and was found to have an important bearing on the 
results that could be obtained with any given sand. 

22 Other tests than those conducted at the Covington laboratory, 
as well as microscopic and photographic work and other investiga- 
tions have been made possible by the assistance of various firms and 
individuals. Several of these to whom the author is especially in- 
debted, together with firms who supplied apparatus for the labor- 
atory, are mentioned at the end of the paper and to them the author 
expresses his thanks and appreciation, 
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ACTION ON A CORE IN THE MOLD 


23 Introduction of Metal into a Mold. Before proceeding with 
i discussion of the subject it may be well to state what happens 
when a core is surrounded with metal. The action is shown in 
ig. 10, which represents a portion of a cylindrical casting in the 
process of pouring, at a point where the mold is about two-thirds 
full, the metal rising over the core. Metal enters the gate at the left 
and flows to the bottom of the opening under the core. 
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Fic. 10 MANNER IN WHICH A CORE IS ACTED UPON BY THE METAL AS IT ENTERS 
THE Mo.Lp 


24 At first the mold is full of air and the moment molten metal 
enters, this air becomes highly heated and expanded, thus instantly 
creating a pressure in the mold. The inflowing metal must not only 
expel a volume of air equal to the volume of the mold, but the expan- 
sion of the air greatly increases its volume. Then also, considerable 
steam is generated as the metal enters, and this too has to be expelled. 
This mass of air and steam escapes through both the mold and the 
core as indicated by the arrows in the upper portion of the illustra- 
tion. As the metal fills the mold the gas pressure on the inside is 
relieved, but a new set of conditions appears which demands a porous 
mold and core. 

25 If the metal is poured at the proper temperature, a skin or 
crust of ‘solid metal forms almost instantly on the sides of the mold 
and the core (see Fig. 10), which prevents the passage of air or gas 
from the core or mold into the metal, or from the metal into the sand. 
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At first, however, the skin is rather flexible, and should gas be gener- 
ated in either the mold or the core more rapidly than the vent can 
take care of it, it may blow back and scab the casting. 

26 As the metal rises against the bottom of the core its surface 
is burned. As a core is dry, no steam is generated during this oper- 
ation, but the hydrocarbon compounds in the core binder are driven 
off and forced through the core toward the central vent, as indicated 
by the arrows in Fig. 10. 

27 Gases Formed in Cores. As long as air is present in the mold 
or core all forms of carbon are burned or oxidized so that the first 
gases to be expelled may contain carbon dioxide. As it becomes 
entirely surrounded with metal the air is quickly exhausted and from 
that time on only such hydrocarbon gases as can be distilled off 
by heat are expelled. From this it will readily be seen that the 
volume of gas generated in the pouring of metal around any core 
is largely determined by the volume of volatile hydrocarbons which 
can be distilled from the core binder. 

28 The baking temperature to which the core is subjected will 
have an important bearing upon this subject. Certain binders can 
be baked at a high temperature so as to expel most of the volatile 
hydrocarbons and leave little but solid carbon as the core binder, 
but where this is done, an excess of binding material must be used, 
as the binding power of the hydrocarbon compounds is largely sacri- 
ficed. Then too, if the baking is continued until all of the volatile 
hydrocarbons are driven out, the volume of the binder is changed to 
such an extent that cracks or checks will generally be formed in the 
core. The ideal binder is one which contains sufficient hydrocarbons 
to give astrong core, but it must not give off during pouring gases 
which are injurious or even trying to the workmen. This subject 
will be referred to later under binders. 

29 Refractory Base of a Core. The refractory material of which 
the core is composed should be of such a nature that it conducts 
heat but slowly, so that the rate at which the succeeding layers of 
hydrocarbon are distilled off is sufficiently slow to enable the vent to 
take care of the gases as they are formed. 

30 There are some cases in which it is advisable to increase the 
conductivity of a core so as to cause it to act as a chill on the metal 
and when this is desired the binder problem is still further complicated. 

31 After the metal has come in contact with the core and com- 
menced to burn out the hydrocarbon compounds, there should still 
be some binding properties left to act until the skin of metal next 
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the core becomes sufficiently strong to resist any tendency of the 
molten mass of metal to cut the core. 

32 Where metal must flow through or over a core it is difficult 
to prevent cutting or washing by using bonds of a carbonaceous nature 
only. Clay or a refractory bond of similar nature has to be resorted 
to; sometimes the surface of the core is protected by silica wash or 
clay and backing wash. If the binder is present in the core in suffi- 
cient quantity to leave a fairly large percentage of fixed or free carbon, 
the metal is not liable seriously to eat into or burn into the core. 
In many cases this condition necessitates the use of higher percentages 
of binder than would be required simply to furnish the necessary 
strength in the core. 


DIVISIONS OF THE SUBJECT 


33 To avoid complication the subject is divided into sections 
and each treated separately. The sections selected are as follows: 
core-room location and arrangement; core sands and core binders; 
selection and compounding of core materials; core ovens and 
core drying; core pasting, core handling and core storage; core 
machines and core-room rigging. 


CORE ROOM LOCATION AND ARRANGEMENT 


34 The location and area of the core room are of more importance 
in the production of castings than most foundrymen realize, since 
the modern tendency in certain classes of work is to throw an ever 
increasing responsibility on it, and some complicated castings such 
as air-cooled automobile cylinders are made in molds that are com- 
posed entirely of cores. The definition of a core as already given was 
carefully chosen with this phase of the subject in mind. The loca- 
tion depends upon several factors: the size of the individual cores, the 
number of pounds of cores used per molder per day, the strength of 
the individual cores and the method of handling the cores from the 
core room to the molders. 

35 Core-Room Area. A series of observations of the proper area 
of the core room, extending over about fifteen years, has shown that 
the core room varies in area from 10 to over 50 per cent of the molding 
floor. This includes the space occupied by the ovens and core stor- 
age but not the core sand storage. In very heavy grey iron work, 
such as large Corliss engine cylinders, -heavy machine-tool castings, 
large forging machines, etc., the space devoted to core making may 
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be equal to at least 60 per cent of the active molding floor space, but 
in this kind of heavy work about half is usually inactive, because 
heavy castings must be left in the sand several days to cool, hence the 
area as compared with the molding floor is about 30 per cent of the 
total. 

36 The core-room proportion in the case of side floorwork in a 
grey iron foundry is generally much less because many of the molds 
require no cores and as a rule the floors are cleaned each day, so that 
the entire molding area is continually active and varies from 10 to 
15 per cent of the area of the side floor. 

37 In the case of loam work frequently only a very small number 
of cores are used which are not made on the loam floors, but of course 
when loam work is being carried on drying ovens are necessary and 
the entire proposition partakes of the nature of a core problem. 

38 For light grey iron or malleable work the area of the core 
room depends entirely upon the character of the product. The fact 
that in the core storage the cores are kept on shelves one above 
another and the small ones are dried on cars having several shelves, 
tends to reduce very greatly the total area required. The cores for 
a given mold usually take up much less space than the mold itself 
and they are not accompanied by flasks. For grey iron work on 
automobile castings, including cylinders, the core department will have 
an area varying from 40 to 60 per cent of that of the foundry. In 
aluminum work for automobiles it is about 40 per cent, in brass 
jobbing shops 10 to 15 per cent, for brass fittings 20 to 25 per cent, 
while for iron fittings it takes from 20 to 45 per cent. 

39 The core-storage space to be provided is also important. In 
the case of jobbing work comparatively little room is necessary, since 
the cores when completed are usually sent to the molders’ floors. 
Where a line of standard work is being manufactured, provision should 
be made for carrying at least one-half of a day’s supply of cores, and 
where night ovens are used for baking an entire day’s supply. 

40 Handling WarmCores. In order to avoid rehandling whenever 
possible, cores should be sent from the core-oven trucks to the molders 
without placing them on storage shelves as this involves an extra 
handling. This question, however, brings up the advisability of 
handling cores hot. With many binders under such conditions more 
binder will have to be used than if they are allowed to cool. 

41 One large foundry in this country using a great many oil- 
sand cores changes its oil-sand mixtures at about 3 p.m. by decreas- 
ing the amount of binder 15 per cent. The reason for this is that 
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the cores made’ subsequently will be run out of the core oven on to 
the plates and left to cool over night before they are handled, sothat 
the full strength of the binder will be developed. During the day 
(hey are ordinarily taken from the plates hot and carried to the molders. 
In many cases a saving of 15 per cent of binder would more than 
pay for the rehandling of the cores and the placing of a core storage 
hetween the core department and the foundry. 

42 Transportation of Cores. Where the number of cores used 
per molder is so great that the weight of the cores delivered to each 
ipproximates the number of pounds of castings turned out by him 
per day, the problem of transporting the cores becomes serious 
and must be taken into consideration in locating the core room. In 
this there must also be considered the element of breakage. Every 
core that is broken represents not only the loss of the sand and binder 
but also of the time expended in making it, the fuel for baking, and 
other labor in the way of transportation. Every possible precaution 
should therefore be taken to reduce this item. 

43 If the cores are large and delicate, such as those required in 
aluminum or light crucible steel castings, they must give way readily 
before the shrinking metal and should be handled as little as possible, 
hence the core room should be near the molders. 

44 If the cores are standard and sufficiently hard so that they are 
handled in boxes or in piles on boards as in some fitting shops, they 
will stand transportation a long way, and here it will pay to central- 
ize the core department, equip it with labor-saving machinery, and 
reduce the cost to a minimum. The cores can then be distributed 
to the various departments without fear of serious loss through break- 
age. In the case of heavy work where they have to be handled with 
a crane, if there are several separate bays or departments it is fre- 
quently more economical to provide each section of the foundry with 
its own core room and to arrange it so that the main traveling cranes 
handle them from the core oven trucks to the molds at one operation. 

45 For transporting cores about the foundry we have platforms 
commonly called boats, which are rectangular in shape, made of plank, 
with heavy battens on the back, supported at four corners by slings 
from the crane hook. The cores to be moved are piled on the plat- 
form and shifted to the parts of the foundry where they are to be 
used. For handling and transporting medium or fairly heavy cores 
a device of this kind saves rehandling and guards against breakage. 
It also does away with confusion in the gangway due in many plants 
to carrying of cores to the various floors. In some foundries the cores 








1218 THE CORE ROOM: ITS EQUIPMENT AND MANAGEMENT 


are carried to molders on a trolley system in boxes or specially pre- 
pared cages supported by spiral springs. In other cases spring 
trucks running on the gangway floor or spring-supported platform 
cars running on industrial railways are used for the purpose. 

46 In the case of medium heavy work, cores weighing 100 to 200 
lb., the core-oven truck may be arranged so that each shelf can be 
lifted off by the traveling crane and used as a boat to carry 
the cores to the floor; in other cases the entire core car may be picked 
up by the cranes and delivered to the molders floor. 

47 Handling Core Sand. As the core sand is bulky the problem 
of handling it assumes considerable prominence in most plants, anc 
this necessitates the location of the core room in such a position that 
the sand can be delivered from the railroad cars into the storage bins 
with the least amount of handling. For the most effective work the 
sand should be as dry as possible, hence it should be put into storage at 
a dry season of the year, and at least a nine months’ supply provided 
for. Buying the sand at this time of the year also reduces freight 
costs by eliminating water contained in the sand during rainy periods. 

48 To sum up the matter, the location of the core room should 
be such as to minimize the handling of the cores, being nearer the 
molders in the case of very heavy work handled by the main cranes, 
or in cases where delicate cores are used, as in aluminum or light cru- 
cible steel work, and being centralized when they are strong enough to 
stand transportation. 

49 The area will depend upon the product, and a fair estimate 
may be obtained by taking the number of cores required per man per 
day, and estimating the number of cores the coremaker will make per 
day, thus arriving at the number of benches required. The space 
occupied by coremakers’ benches is as a rule about 35 to 40 per cent 
of the total core-room space, the balance being taken up with ovens 
and storage racks for green and dry cores. 


CORE SANDS AND CORE BINDERS 


50 The term core sand covers a wide variety of materials adapted 
to different classes of core work and the conditions to be met in the 
core room necessitate the use of a number of grades of sand in most 
core rooms. In all core sands the principal heat resisting element is 
silica, the silica grains also ferming what may be termed the back bone 
of the core. Ordinary molding sand rarely contains over 80 per cent 
silica, the balance being made up of alumina, oxide of iron, and other 
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impurities. In a molding sand a certain percentage of clay is neces- 
sary to form the bond. They may be divided into bondless or sharp 
sands for oil-sand mixtures or cores which require a great deal of 
vent; and the bonded sands and gravels. The sharp sands contain 
from 97 to 98.5 per cent silica, while the bonded sands contain from 
97 to less than 90 per cent. 

51 Proper Condition of Bond in a Core. Since a core must be 
sufficiently porous to vent freely, the sand composing it must be of 
such a nature that there will be a considerabie percentage of voids 
or open spaces through which the vent may escape. In any core the 
individual grains of sands must be bound one to another with some 
material, collected, if possible, at the contact points thus leaving the 
spaces between free for vent passages. Anythingthat-tends to roughen 
the surface of the grains of sand in the passages tends to retard 
the vent. 

52 Form of Sand Grains. In concrete and masonry work sharp 
sand is desirable on account of the fact that it affords a better grip 
for the cement or lime in the mortar. For core work rounded grains 
of sand ate the best because they give a maximum of vent passages 
und larger areas at the contact points for the bonding material to 
act. The strongest cores that the writer has seen used in practice 
were made from oil-sand mixtures with thoroughly rounded grains of 
sand, the individual grains being of approximately uniform size. 

53 In concrete work the object is to fill all the voids between the 
particles of the material with finer stock, so that the final product 
will be a uniform solid mass. In making cores the requirement is 
radically different, as it is desirable to have the greatest possible 
number of fine voids; only they should be so fine that the metal will 
not tend to follow or flow into them. This necessitates the use of 
different sized grains in the core sand for different metals. 

54 Some of the brass and bronze mixtures are particularly search- 
ing and will force their way into cores where iron would lie smoothly 
on the surface. There are two reasons for this, one that the melting 
temperature of the brass and bronze alloys is lower than that of the 
iron mixtures and hence they remain fluid for a longer time in con- 
tact with a core; and the other that the iron alloys seem to be more 
viscous when fluid and will not flow into as sharp corners as the brass 
and bronze alloys. 

55 Aluminum in some respects behaves like iron in this particular. 
Sand mixtures which would be perfectly satisfactory for iron or steel 
or for aluminum may be wholly unsuited for brass or bronze. A brass 
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or bronze containing considerable phosphorus is particularly search- 
ing in its action, also an iron containing considerable phosphorus is 
more fluid than other mixtures and has more of a tendency to cut into 
a core. From this it will be seen that the selection of a particular 
grade of core sand must depead to a considerable extent on the metal 
to be cast. 

56 Early Day Core Practice. In the earliest foundry practice cores 
were made from mixtures containing no artificial bonds. A sand was 
chosen containing enough clay to hold the grains together when dry, 
and if this showed a tendency to stick to the casting some sawdust 
or other carbonaceous material was added to the mixture, causing 
it to fall to pieces next to the casting moreeasily and clean out better. 
It is probable that the first artificial core binders used were rye and 
white flour and pea meal, and there are also records of the use of sour 
beer. In those days all molds were thoroughly dried before the metal 
was poured into them, so that it partook of the nature of a core. To 
harden and strengthen the face of the mold or core, it was frequently 
sprinkled with sour beer or molasses water and then dried. When the 
metal came in contact with the surface, it burned out the carbon of 
the binding material used at the surface and made it easy to clean out 
the core. . 

57 American and Foreign Practice. In America demand for a big 
output and cheap castings has developed a number of lines of foundry 
practice to an extent not found in any other country. The green 
sand mold is more universally used here and the variety of core binders 
exceeds that employed in any other country. At present probably 
the most common core binder used abroad is what is known as core 
gum, which is really dextrine, one of the products of the starch indus- 
try. Pea meal is also used abroad to a considerable extent and rye 
flour and linseed oil in certain foreign countries. America has been 
the first to introduce an extensive line of specially prepared binders. 

58 Kinds of Binders. There are two classes of binders as regards 
their action on the sand. These are the true pastes, which do not 
flow to the contact points of the sand, and the binders that flow to the 
contact points as the drying and baking take place. All binders which 
act as a paste are not affected by clay in the sand. This is also true 
of resin and pitch. Binders that partake of the nature of an oil 
are injured and in some cases ruined by the presence of clay in the 
sand. The advantages of sharp sands and sands of uniform sized 
grains were never fully appreciated until the complicated problems 
of the water-cooled automobile engine cylinders required solution. At 
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first intricate systems of mechanically formed vents were used, but 
later it was discovered that by using clear silica sands and oil as a 
binder that the vent would find ample passage in the spaces between 
the rounded grains. 

59 Fitting the Binder tothe Sand. In selecting the core sand_for 
any given location the problem to be solved is the finding of the 
cheapest finished core. Cores for a given class of work must have a 
given strength per square inch and must disintegrate when the metal 
is poured about them, so as to permit ample opportunity for the metal 
to shrink. Generally in producing a core of this kind a number of 
courses are open. A local bonded sand may be used with resin, 
flour, dextrine, black compound, glutrin, or molasses. As a rule 
black compound or pitch cores are more suited for heavy work than 
for light. For small work greater strength per square inch of core 
is generally required than for large work, and for great strength associ- 
ated with free venting there must be a binder that will hold a sharp 
sand and at the same time permit the free circulation of the escaping 
gases. Flour or dextrine tend to a large extent to stop the vent, as 
do also the black compounds, which contain dextrine as a green 
binder. This calls for the use of an oil mixture, an oil and glutrin 
mixture, a glutrin and clay wash mixture, or molasses. 

60 A number of different water soluble by-products from commer- 
cial processes have been or are used to some extent as core binders. 
In some places in the vicinity of rum distilleries a product known as 
distillery returns, distillery slop, or sour beer, is used; in other loca- 
tions sour beer from breweries, but both are employed only in limited 
localities as they are weak adhesives and hence not good binders. 

61 The principal objection to the use of molasses in the core room 
is the fact that this binder is not uniform in its adhesive properties. 
First fermentation has to be dealt with. To test its effect the writer 
measured out a quantity of molasses, diluted it with twice its volume 
of water, and let it stand inacrock. The specific gravity of the solu- 
tion was taken every few days and batches of cores made from it 
were tested for strength. These fell off rapidly in strength as the fer- 
mentation proceeded, losing more than half, and at the sametime the 
specific gravity constantly decreased. Foundrymen have been known 
to purchase fermented molasses thinking that they were getting a 
cheap bond. In a case of this kind, however, one has no knowledge 
of the actual bonding power. 

62 At the time the fermentation experiment was made on molasses 
a sample of glutrin was measured out, diluted to the same proportions, 
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and allowed to stand in a crock next to the molasses. Cores were 
made from it each time that cores were made from molasses. ‘Those 
from glutrin gradually increased in strength with the age of the mix- 
ture, due to its slow concentration by evaporation. The molasses 
mixture was of course evaporated just as fast, but the composition 
was changing so rapidly from fermentation that the effect of evapor- 
ation did not show. 

63 Another objection to molasses is the fact that no matter how 
honest the dealer or how free from fermentation the stock may be at 
the time it is used, its bonding power must depend upon the source 
from which it was derived. In making cane sugar the plant is topped 
in the field and the tops are thrown away because the juices in the 
upper part of the stalk have not been converted into sugar. If 
the stalks are topped too high, a large proportion of the juice carrying 
no sugar enters the fluid and remains in the molasses after thesugar 
has been crystallized. 

64 As the molasses is the residuum of the sugar process it must 
contain all its impurities, and these vary with the source of materia! 
from which the sugar was made, the method of work, the way in 
which the cane was topped, and many other factors. 

65 The only other water soluble bond extensively used in the 
foundry is glutrin, a by-product of paper manufacture by the sulphite 
process. The sap stored in the cells of the spruce wood used in paper 
making is extracted by boiling with the sulphite solution and when 
treated to remove certain undesirable elements, and concentrated, 
it becomes the binder known as glutrin. While its composition is 
complex, consisting of tannins, wood sugars and resin in soluble form, 
it is a product uniform in composition and hence in binding power, 
and it will not ferment. 

66 Use of the Microscope. It has been found that a microscopic 
examination of the fracture of a core would tell much as to its venting 
properties and the efficiency of the bond, but thus far, however, it 
has proved impossible to produce a microphotograph that would 
show all that the human eye could see in examination of a core, 
because the focal depth of the micrographic lenses is exceedingly 
shallow, so that when examining cores at magnifications of 60 or 
more diameters it is necessary to rack the objective back and forth 
and examine the top, the middle and the bottom of a grain of sand, 
thus giving a clear mental picture of the bonding conditions. A 
microphotograph taken in the ordinary way does not show this as 
it has not sufficient depth of focus. 
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67 Action of Oil in Binding Sands. Oil of a proper grade is un- 
doubtedly the strongest and, weight for weight, the most efficient 
binder known when dealing with clean silica grains. In the paint 
trade linseed oil is considered the best drying oil, and it is alsothe best 
core oil. The action of linseed oil in bonding a core is as follows: 
The material must be so thoroughly mixed with the sand that every 
grain is uniformly covered with oil or an emulsion of oil and water. 
When the heat of the core oven acts on the sand the moisture is evap- 
orated and driven off. As the moisture passes through the core 
toward the outside the oil remains behind on account of its relatively 
high viscosity and first uniformly coats each grain of sand. By 
capillary attraction excess of oil tends to accumulate at the contact 
points of the sand grains and finally dries down here and forms an area 
of bond somewhat larger than the contact points. The heavier the 
oil, that is the more body it contains, the more will the space about 
the contact points be filleted and the bonding area increased. Most 
of the other drying oils contain less body than linseed, and hence do 
not give so firm a bonding mass at the contact points as is the case 
with linseed. All oil-sand mixtures must be tempered with water. 

68 Action of Pasie in Binding sand. The radical difference be- 
tween the bonding of sharp sand with an oil and with flour or dextrine 
is that the latter forms small masses or grains of paste which dry 
on the face of the sand grains. These do not flow over it tothe contact 
points, but dry in the place where they were left by the mixing 
machine. For this reason only those situated at the contact points 
become efficient as a binder. A microscopic examination of a flour 
or dextrine-bound core shows that certainly not less than 60 per cent 
of the material is inactive as a binder and is located in such a way that 
it tends to block the vent passages by giving the grains of sand a rough 
instead of the smooth varnished surface given to the grains by oil. 

69 Action of Resin and Pitch in Binding Sand. Resin and pitch 
both bond sand by melting and flowing over or between the grains, 
collecting to a certain extent at their contact points as the core cools, 
but they are not so efficient as is oil. Resin and pitch do not enter 
into combination with clay, but their binding power is added to what- 
ever power the clay may have. When such a core comes in contact 
with the molten metal in the mold, the carbon material of the resin or 
pitch is burned out, which disintegrates the core, thus making it possible 
to clean it from the casting; while if clay or natural bond alone 
were depended upon the bond would be hardened instead of softened, 
and it would be impossible to clean it ‘rom the casting. 
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70 Action of Molassesin Binding Sand. The action of molasses 
in a core depends upon the rate of drying and the temperature. 
Under ordinary core-oven conditions where cores are put into a hot 
oven, the water is quickly expelled and the molasses brought to the 
boiling temperature. When it reaches the consistency of ordinary 
molasses candy, it boils up in a similar manner and then hardens in 
thin plates connecting the sand grains with a more or less intricate 
system, and with the carbon exposed in exceedingly thin surfaces, 
though of course, some of it dries at the contact points. If the core 
is taken from the oven at the critical point just as these plates are in 
their strongest condition, it will be found to be strong and serviceable; 
but if taken out too soon, it will not have developed sufficient strength 
to give a strong core, and if left in the core oven a little too long the 
carbon will have become rapidly oxidized and the strength of the core 
will fall off. Forthese reasons a molasses core is exceedingly sensitive 
and with ordinary existing core-oven conditions it is practically impos- 
sible to produce uniform results. 

71 Action of Glutrin in Binding Core Sand. The compounds 
contained in glutrin are of such a nature that they do not enter into 
and combine with clay as does oil, but they do form with it an exceed- 
ingly efficient emulsion and tend to carry it from the faces of the sand 
to the contact points. In drying, glutrin behaves more like oil in that 
it tends to flow to the contact points. 

72 In sharp sand without any clay bond the fact that glutrin 
lacks the viscosity of linseed oil, gives it a tendency to follow the mois- 
ture to the surface of the core. In a mixture of clear sharp sand a 
glutrin core will tend to have a very hard skinanda softinterior. This 
is well illustrated in the microphotograph shown in Fig. 11, which is 
a core made with clear Rockaway Beach sand and glutrin in the ratio 
of 1 part of glutrin to 50 parts of sand. . The glutrin tended to sweat 
to the surface of the core, giving a hard surface as shown by the 
darker material along its face. The main body of the sand was 
bound fairly well but this dense layer on the outer surface interferes 
with the escape of the steam from the interior toward the latter part 
of the drying operations and may result in an imperfectly dried core. 
Attention is called, however, to the exceedingly open character of the 
core itself. 

73 This sweating tendency is entirely overcome by introducing 
from $ to 1 per cent of clay into the mixture, the clay and the glutrin 
together forming a compound which is sufficiently viscous so that it 
draws to the contact points rather than following the moisture to 
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the surface of the core, making it strong and at the same time one 
which does not have the vent passages stopped. Glutrin can also 
be used in connection with oil in clear sand mixtures, as the oil prevents 
it from sweating to the surface of the core and the combination blends 
perfectly to form an efficient bond at the contact points. 

74 Fig. 12 shows a microphotograph of a section of an oil-sand core 
intended for gas stove fittings, which was made from a mixture of 22 
parts silica sand, three parts bank sand, and a commercial or blended 
oil at the ratio of 1 part of oil to 25 parts of sand. The exceedingly 
open chracter of the core is clearly shown, but its strength is about 
75 lb. per sq. in. in tension. A core of this kind shows absolutely no 
tendency for the binder to sweat to the surface and as the sand from 
which the core is made is fairly uniform in size there is a maximum of 
voids or open spaces for vent passages. 

75 Fig. 13 is a pitch bound core intended for heavy work. The 
mixture is known as a loam mixture, containing Zanesville loam as a 
base, the proportion of the ingredients being as follows: 12 parts new 
Zanesville loam, 14 parts old core sand, 4 parts pine sawdust, and | 
part ground pitch. This firm grinds its own pitch and mixes no 
dextrine with it, grinding it fairly coarse, so that occasionally fairly 
large spots show in the fracture of the core. It is mixed in a Standard 
Sand and Machine Company’s batch mixer with about 11 per cent 
of water by weight. When rammed into the molds it has some green 
binding power due to the excessive amount of clay in the Zanesville 
loam. The cores are dried out in the neighborhood of 350 to 400 
deg. in large ovens which are fired every night. The shrinkage of 
the sawdust and the driving out of the large amount of water gives the 
core considerable vent. The pitch and loam form the binders and as 
the pitch is rather coarsely ground some of it becomes active when the 
old core sand is introduced into the mixture. Probably at least 
50 per cent of the pitch in the old core sand still possesses binding ° 
power. A core mixture of this kind would only show a strength of 
10 or 12 lb. per sq. in. and in some cases not over 6 or 7 lb., so that 
the cores have to be strengthened by the use of rods and the face has 
to be protected by a blacking mixture. 

76 Another core of very close’ composition is illustrated in Fig. 
14, a section of a machine-made core intended for use in a brass foun- 
dry. The mixture consists of 32 parts of Del Ray bank sand, 32 
parts of Lake sand from near Buffalo, 8 parts flour, and 1 part of 
oil, and is tempered with about 7 per cent of water by weight. ‘The 
shrinkage of the flour paste together with the expelling of the water 
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gives the core more vent than it appears to have. The relatively 
fine Del Ray bank sand serves to close up the spaces and prevent the 
brass from entering the core. The combined flour and oil bond 
burns out at a relatively low temperature, allowing the core to crush 
before the metal and also facilitating the cleaning of the core. 

77 For cast-iron radiators the cores must have a great strength 
and at the same time vent with remarkable freedom. Many radia- 
tor companies are using relatively coarse sands in their mixtures. A 
microphotograph of a section of radiator core made from a coarse 
New England sand is shown in Fig. 15. This sand, however, carries 
a good deal of fine material with it which with the oil forms a net- 
work between the larger grains and tosome extent stops the passages. 
The percentage of small material, however, is not sufficient to reduce 
the vent near the danger point. The firm using this grade of sand 
has installed a mill for washing the old sand and permitting its re-use 
in the cores. 

78 Fig. 16 shows a microphotograph of a section of a core made 
entirely fromthe washed burnedsand. The finer material is all washed 
away but each grain of sand is covered with a layer of oil so that when 
a@ core mixture is made the grains are primed, as it were. The fact 
that the grains already have an oil covering and that there is no 
fine material in the washed sand to absorb oil, has made it possible 
to produce stronger radiator cores from washed sand. with the same 
percentage of oil that is used in the new sand cores. . 

79 The core shown in Fig. 17 is made from gangway sand with 
glutrin as a binder. The glutrin sweated to the surface of the core, 
forming a hard skin, indicated by the darker area near the outer 
edge of the core. The interior of this core was so soft that it would 
readily crush before the metal. These cores were used to form fin- 
ished faces for bearings in agricultural machinery, the cores being 
knocked out of the castings, the hole cleaned and the parts assembled 
without machining. The fact that the glutrin sweat to the surface 
made a hard close surface which acted almost as a chill and produced 
a remarkably smooth casting. The rotten interior gave free vent. 
At another plant in the immediate vicinity some cores were made 
from the same sand with linseed oil as a binder but the binding ratio 
had to be very low, that is, a large amount of oil used to bind a 
given amount of sand. This was also true in the case of the glutrin. 

80 Reactions between the Sand. and the Binder. A quantity of 
gangway sand was shipped to the laboratory at Covington and to- 
gether with other sands that had been giving trouble in different parts 
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Fig. 15 Rap1ator CorRE MADE FROM NEw Bank SAND 


Showing how fine material holds the oil on the surface of the pebbles away from the contact 
points of the grains. 


Fic. 16 RapIATOR CORE MADE FROM BuRNED SAND 


This sand was black and covered with charred oil (differing from that in Fig. 15) which 
makes the core appear to have less vent than that shown in Fig. 15. 
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of the country a series of experiments was started. From the behavior 
of these sands it was evident that some action was going on which 
destroyed the binder, other than the mere absorption of it, which takes 
place when the oil unites with clay and is rendered inoperative. 

81 To test the correctness of this theory a batch of gangway sand 
and a batch of Michigan City sand were measured and placed in two 
bottles. As glutrin was wholly water soluble it was chosen as 
a binder. Three equal batches of glutrin were diluted with a given 
amount of water. One was placed on the Michigan City sand, 


Fic. 17 Corre MADE FROM GANGWAY SAND WITH GLUTRIN AS A BINDER, sHOW- 
ING THE SWEATING OF THE BINDER TO THE SURFACE 


another on the gangway sand, and the third held in reserve. After 
leaving the binder several hours each sand was leached with water 
until all the binder was washed out. The two batches of glutrin were 
then concentrated by boiling to expel the excess water. They were 
brought to the same volume as the batch held in reserve, and three 
sets of cores made, one from the glutrin which had been on the gang- 
way sand, one from that which had been on the Michigan City sand, 
and the third from that which had not been on any sand. 

82 There was very little difference in the strength of the cores 
from the second and third batch, but the cores made from the glutrin 





HENRY M. LANE 1231 


which had been on the gangway sand were not one-fourth as strong 
as the others, showing that the sand had destroyed the bonding power 
of the glutrin. A few tests soon showed that it was alkaline and the 
addition of a small amount of acid destroyed the alkalies. 

83 Following up this clue, two batches of cores were made from 
gangway sand, in one case the sand having been treated with acid 
to neutralize the alkalies and in the other it was left in its natural 
condition. The acidulated sand produced cores more than four 
times as strong as the other batch. Continuing the investigation, 
experiments were made by treating with acids a number of sands 
giving poor results with different binders and it was found that neu- 
tralizing the alkalies with acids increased the strength of the cores 
greatly. This is true both in the case of glutrin and oil. 

84 Since these experiments the subject has been taken up with 
number of foundrymen and several exceedingly interesting cases 
brought to light. In one instance a foundry was purchasing city 
water of a very pure grade at a relatively high cost. To avoid this 
expense an artesian well was sunk. Immediately trouble appeared. 
The cores cut and washed and it took some time to trace the difficulty. 
Finally the city water was again used and the trouble disappeared. 
The water from this well was clear, sparkling and tasted good, but 
it was high in lithia salts and evidently contained ingredients which 
combined with the binders to destroy them. 

85 Alkalies tend to saponify oil, thus destroying its bonding power. 
They also seem to act on resin, glutrin, and some other binders. In 
the case of the large manufacturing concerns using a great many 
oil-sand cores it would probably pay to purify the water for the core 
room just as the feed water is purified for the boilers. 

86 Determining the Active Bondin Clay. Formerly when a chemist 
received a sample of sand for analysis he determined the alumina, 
figured it as kaolin, and called it “bond.” From various results 
with bonded sands it became evident that this free and easy method 
was not sufficient, and some way of differentiating between a fat and 
iu lean clay had to be found. Several firms and different departments 
of the Government were making use of a test for colloidal matter. 
Chemists have long recognized a series of amorphous bodies known as 
colloids, or as one noted chemist writing in popular vein recently 
says, what in the laboratory are called ‘‘messes.”’ 

87 When matter is in one of the colloidal forms it has intimately 
associated with it a large amount of water, forming what is termed 
a “gel.”” The soluble colloids are called ‘“‘sols.”’ Certain clays are 
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far more plastic and have greater binding powers than others, and it 
has always been known that heat destroyed this binding power. It 
is now certain that in these clays at least a portion of the alumina 
is in the colloidal form. For decades the best clays have been found 
in the secondary deposits where they had been associated with organic 
matter, but these properties have been found even in the old fire- 
clays of the coal measures. When first exposed these are in a com- 
pact form much of the water having been expressed or driven out by 
pressure, and when exposed to the weather they absorb moisture. 

88 A splendid example of colloidal clay is found in the Mississippi 
River. The Ohio and the upper Mississippi both flow through old 
rock formations while the Missouri and particularly the north and 
south branches of the Platte flow through more recent geological 
formations. These formations are rich in a highly colloidal clay, 
which when it comes into suspension in water remains indefinitely. 
Engineers had long puzzled over the fact that the water at the mouth 
of the Mississippi became clear as soon as it left the mouth of the river, 
but the explanation is exceedingly simple. The salt water of the 
sea destroys the colloids and allows the mineral matter to settle 
rapidly. Those familiar with the old Mississippi steamboat days 
will recall that the water supply for those boats was obtained by pump- 
ing the muddy water into tanks and introducing alittlealum. The 
colloids were thus destroyed and the mud quickly settled. 

89 The only test for colloids of which there is any record is the 
one used by several departments of the Government and a number of 
firms in this country, and is founded on experiments carried on in 
Germany. 

90 The aniline dye known as malachite green is used for this 
purpose. A given amount of malachite green is weighed out and 
dissolved in 400 or 500 cu. cm.of water. Into this from 10 to 20 grams 
of the sand or clay to be examined is introduced and the whole is 
shaken in a shaking machine for an hour. The bottle containing the 
material is then taken out and the solid matter allowed to settle to 
the bottom. A portion of the liquid above the solid matter is drawn 
off, placed in a color tube, and compared with the dye diluted with the 
same amount of water which was used in making the original solution. 

91 The amount of dye absorbed by the colloidal matter in the 
sand indicates the bond present in the sand. Table 1 shows a series 
of colloidal readings on a group of sands examined under the direc- 
tion of the author. A sample of kaolin was taken as 100 per cent, 
and other sands were compared by the amount of dye they would 
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absorb. A number of clays have since been found that run consider- 
abiy over 100 per cent. 

92 This scale has served to compare the different sands in the 
laboratory but before a method of this kind becomes general through- 
out the country some standard should be fixed. The readings given 
in the table represent only a small portion of the determinations 
made. It will be noted that the materials may be grouped into three 
classes. The first three samples tested represent washed silica sands 
with approximately the same colloidal reading; the next five represent 
beach or lake sands from the shores of the Great Lakes. All of these 
are wind driven sands with about the same colloidal reading. These 


TABLE 1 COLLOIDAL READING ON SANDS 
Name Bend 


Washed silica core sand, BethJehem, Pa....................... . Biv 
Washed Ottawa silica sand, Ottawa, Ill... . 2.30 
Silica sand, Derby, England 2.50 
Sharp sand, Faribault, Minn ... §.@ 
Core sand, Sauk Center. Minn 5.21 
Michigan City core sand 5.27 
Ce Me I UE, BE, Be Wisse cccccccrcsccesercsscsscesss Gae 
ee , cect snscccdescdeadaketckeeeneuns 5.43 
Nc ac ich sa bediebewbinee stoned eeenumeye 

Core sand, Falkirk, England 

Manistee lake sand, F'int, Mich 

Old molding sand, Faribault, Minn 

Silica core sand, Duquesne Steel Fdy. Co 

Mansfield core sand, Birmingham, England 

Bank sand, Rochester, Mich 

New molding sand, Faribault, Minn 

Gangway sand, Moline, III 

Lumberton sand, Hainesport, N. J 

Kaolin, Fimer and Amend 


are followed by five core sands which would ordinarily be considered 
as fairly sharp. 

93 The first two are English core sands; the third is the Manistee 
sand as used at Flint and Detroit, Mich. The reading on the old 
molding sand given fourth is not to be depended upon for its original 
colloidal reading, since the use of a sand always changes the colloidal 
content, the colloids themselves being usually destroyed. Burnt 
sand, however, generally contains material which will destroy the 
dye and so give an apparent colloidal reading. The old molding sand 
really had very little bond, though the colloidal or dye reading would 
place it in a class having a fair amount. Another case of a burnt 
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sand is given near the bottom of the table, this being the same gang- 
way sand from Moline, IIl., with which the tests .in acidulated sand 
were first carried on. There was absolutely no colloidal matter in 
this sand. This and other tests led to the belief that the dye reading 
was to be depended upon when applied to new sands in the condition 
in which they are dug, but does not apply to material which has been 
exposed to molten metal. The very high colloidal reading of Lum- 
berton sand is to be expected, as this contains a very large percentage 
of clay. 

94 The behavior of many of the sands tested when made into 
oil-sand cores showed very conclusively that the dye test gives a 
good idea as to the amount of oil which would be destroyed by the 
sand. Apparently the dye reading gives not only the colloidal matter 
which will destroy the oil, but in the case of old or burnt sands gives 
a fair indication of the amount of alkali or other material present 
which would destroy the oil. This was noted in connection with 
the gangway sand from Moline. Further tests will be made along the 
line of examining sands and studying the relationship between the 
natural bonding power and the colloidal reading as given by the dye 
tests. Thus far this seems to be the best test found. 

95 Action of other Binders on Oil. When an oil is used as a bond it 
is not only destroyed by any clay or colloidal matter present but may 
also be destroyed by other ingredients used as binders. Where green 
strength is required in a core, foundrymen frequently introduce 
flour or dextrine into oil-sand mixtures. The oil first combines with 
the flour to form an oil-flour paste which has very little bonding power, 
but when so held it is not in a position to act as a binder between the 
sand grains. In consequence what happens in a mixture of this kind 
is that a portion of the oil unites with the flour and is itself destroyed 
for binding purposes. At the same time it renders the flour less 
efficient than it would be had it been mixed with water. The balance 
of the oil can act in its usual manner between the sand grains. 

96 Testing Binding Power of Liquid Binders. The final binding 
power of any compound is measured by the solid bond left in the 
baked core. Paint chemists test their oils by drying them down to a 
film and seeing what percentage of weight has been lost in this action. 
In the case of Table 2 the binders shown in the column at the left 
were each weighed out into porcelain crucibles and first placed in an 
air bath and subjected to a temperature of 100 deg. cent. or 212 deg. 
fahr. for 24 hours and then weighed. ‘These results are entered in the 
second column. The crucibles were next placed in the core oven at 
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a temperature of 400 deg. for 1 hour and again weighed and the 
results indicated in column three. Some of the crucibles were then 
returned to the core oven for another hour, exposed to a heat of 410 
deg., cooled, and again weighed and the results recorded in the fourth 
column. The samples were then all heated in the air over a blast 
lamp to burn off the carbon, and the percentage of ash is recorded in 
the fifth column. 


TABLE 2 DETERMINATION OF SOLIDS IN LIQUID CORE BINDERS 


Dried 24 Dried 1 Dried 1 
Hours at 212 Hour at 400 Hour at 410 
Deg. Fahr. Deg. Fahr. Deg. Fahr. 


Burned to 


Ash Remarks 





Glutrin 51.47 ‘ ioe Skin 
Raw linseed oil 100.22 ‘ ‘ " No skin 
Boiled linseed oil 93.49 : , Skin 
Soya bean oil s J ‘ ’ No skin 


Fish oil q ‘ : ; No skin 
Paraffin oil y 33.36 y . No skin 
Corn oil " 95.35 ; No skin; 


crawled 
Cottonseed oil 96.08 i No skin 


Light tar oil 11.65 ' Slick crawled 
Heavy tar oil 38.27 y No skin; 


crawled 
Resin oil 19.59 No skin; 


crawled 
Crude tar oil 34.32 , No skin; 


crawled 


very much 
Resin oil . 10.12 ’ No skin ; 


crawled 
China wood oil ‘ 98.75 5 Skin 


97 Under the head of Remarks a statement is given as to the 
behavior of the liquid. Most of it dried down to a skin. The first 
exception to this was raw linseed oil, and the reason was that even 
when painted as a film on wood it takes at least 4 days for it to 
dry. There was evidently not a sufficiently free admission of air in 
the oven to dry down the bulk of oil in the crucible. 

98 Drying of Raw Linseed Oil. The appearance of the sample of 
raw linseed oil after it had been in the core oven 1 hour at 400 deg. 
is shown in Fig. 18. Had this oil been evenly distributed through a 
body of sand there would have been sufficient circulation through the 
body of sand completely to oxidize it. These tests, however, show 
that while raw, linseed oil is one of the strongest binding oils we have; 
it is nevertheless a very slow drying oil, and hence pure linseed oil 


cores would probably take longer to dry than those made from other 
Oils, 
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99 Drying China Wood Oil. The appearance of the surface of the 
skin in the case of some of the oils after test No. 2 is interesting. Fig. 
19 shows the China wood oil made from the tung nut which grows in 
China. This is a relatively new oil in this country, and partakes at 
once of the nature of an oil and a varnish gum, being to some extent 
« natural varnish. It contains its own driers, so that it dries down 
fairly readily. It will be noticed under the tests in the second column 
that China wood oil gained 2.2 per cent in weight by oxidation when 
exposed to a temperature of 212 deg. fahr. Several of the oils gained 
-lightly, but China wood oil leads them all in this respect. It also 
showed the greatest percentage of weight after one hour in the core 
oven and the film was strong and tough. When tested as a binding 
vil it gave excellent results. 

100 Drying of Light Tar Oil. The light tar andanumber of similar 
vils crawled up the face of the crucible and dried down to a hard glazed 
film. The crucible containing the light tar oil as photographed after 
the test recorded in column 2 is shown in Fig 20. This oil had left 
only 11.65 per cent of its original weight as a bonding medium. 
Such oils are used as blending oils in liquid core compounds. 

101 Drying of Boiled Linseed oil. The boiled linseed oil dried down 
to a film in the air bath as would be expected, on account of the fact 
that it contains artificial driers. The appearance of the film of the 
boiled oil after the test recorded in column 3 is shown in Fig. 21. 
Formerly the term, boiled oil, meant linseed oil which had been boiled 
in open kettles exposed to the air so as partially to oxidize it and cer- 
tain mineral oxides were added to it. Such oil when used for mixing 
paints dried down to a film much more rapidly than raw oil. Today 
practically all of the boiled oil on the market is a compound which 
has been heated to a certain temperature below that of the boiling 
point of linseed oil and had various so-called driers added to it, 
which chemists call catalysts. That is, they are in this case bodies 
having the property of taking oxygen from the air and delivering it 
to the oil to hasten its oxidation or drying. The boiling of linseed 
oil in a kettle or the making of so-called boiled oil by adding driers 
hastens its setting or drying by partially oxidizing the material. 
Hence a lower ultimate bonding power would be expected from such 
an oil, and results seem to show that this is true. For this reason, 
when considered purely from the standpoint of an efficient bond a 
taw oil is better than a boiled one. 

102. Effect of a Sticky Oil on Piecework. The author ran across an 
interesting condition where the pieceworkers in a core room claimed 
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Fig. 20 Lieut Tar OIL TESTED FOR DRYING QUALITIES 


Fic. 21 Bortep LinsEEep OIL TESTED FOR DRYING QUALITIES 
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that they could not make a good output when using raw oil, since it 
gummed the boxes more rapidly than boiled oil. The chemist in 
charge stated the reason was that the raw oil contained mucilagi- 
nous “foots” which had been taken out of the boiled oil. Several oil 
chemists claim that in the modern process of boiling oil everything in 
the raw oil is to be found in the boiled oil, but that the mucilaginous 
material may be partially eliminated by combining it with driers. 

103 Linseed Oil “‘Foots.” Practically all linseed oil is now made 
by the hot pressing process, and as it comes from the press contains 
some exceedingly fine meal, which settles to the bottom of the oil 
storage tanks and is known as foots. After the clear oil has been 
drawn off that at the bottom containing the foots is used as a core 
oil by many foundrymen. It has high binding power but tends to 
stick to the boxes. 

104 Comparison of Molasses and Glutrin Films. Before leaving 
the subject of the tests made to determine the amount of binding 
power in the various materials, it may be well to illustrate the films 
left by glutrin and molasses. Fig. 22 shows the glutrin film which 
dried down to a compact mass very much like the oils. This explains 
why glutrin cores do not swell in baking, but retain their size and 
shape so that the baked core if it has been properly supported during 
baking can be returned to the box after drying and will fit perfectly. 
Fig. 23 shows the film left by molasses. The liquid boiled to the top 
of the crucible forming a rough mass composed of bubbles. This is 
why molasses cores are frequently distorted during baking. 

105 Fineness Tests on Sands. It has already been stated that the 
size of the grains of sand should be as uniform as possible if the core 
is to have the maximum amount of venting space. The various 
sands examined were all tested for fineness and the results given in 
Table 3. Theamount recorded in each column is that which remained 
on the sieve of the size given at the top of the column. The percent- 
age of material passing through the 100-mesh sieve is recorded in 
the column headed, 100 +. 

106 The fineness number given in the righthand column is arbi- 
trary, and is intended for the comparison of different sands. It was 
reached in the following manner: The percentage which remained 
on each sieve is multiplied by the number of the sieve through which 
it passed, with the exception of that which remained on No. 20. 
This is also multiplied by 20 so as not to introduce a great error. 
These products are all added and divided by the amount of sand 
taken which gives the fineness number. 
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Fic. 22 GLUTRIN DRIED DOWN TO A FILM, SHOWING No SWELLING 


23 MOLASSES DRIED DOWN TO A FILM, SHOWING HOW IT SWELLED TO FILI 
THE ENTIRE CRUCIBLE 
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TABLE 3 FINENESS TEST 


. Fineness 
Sand as ; : 
Mesh Number 


40 + 60 80 100 = 100T 

11.6 17 11.6 13.7 40.6 68 

14.5 46 23.5 Il i ae | 
41. 9.! 18 50 
22. 2 3 30 
11. 10. 41. 64 
30. 22. 6. 60 
9. 12. 60. 83 
50. 


0. 
9. 22. 
10 23. 
7 27. 
10. 
37. 


> by 


ee Ce ee 


New England bank... 
Rockaway Beach 
Michigan City core 
Coarse bank, Cleveland........... 
Clay, Cleveland 
Washed silica core 

Lake Manistee, Mich.............. 
Bank, Rochester, Mich 
Strawbridge, England 
Mansfield, England 

Burnt, Mansfield, England........ 
Gangway, Moline, Ill.............. 
Core, Pittguuren, Pa..........20+. 
Bank, Buffalo, N.Y 

Lame, TNO, Th. Bic cc cs ccnseee 
COM EE EOS Bist ksceaabesd 
Falkivk, BMMIOOG . .. 0.20.66 6cieee 
Core, Faribault, Minn 
Silica, Ottawa, Ill...............+ ; 
Derby, England........ 2 46 
Lumberton, Philadelphia, Pa ; 5 24. 
Core, Zanesville, O j 2 
Molding, Zanesville, O............ 

Molding, Zanesville, O 

Washed silica, Millington. IIl.... 
Magnesia, Millington, IIl...... 
Core, Sauk Center, Minn..... 
Lumen Bearing Co.’s lake.. 

Delray bank, Detroit, Mich 

Dolly Ann, Covington, Va.. 
Providence River..... 

tockaway Beach 

Indiana bank . 
Magnesia core, Millington, Ill... .. 
PO i itininc ccevecabatans 
Bank, Cleveland, O............... 
Light molding, Cleveland, O...... 
Travers City, Mich 

Silica dust 

Sugar, Cleveland, O............... ’ 
Delray bank, Delray, Mich - 

Gravel, Cleveland, O ............. 
Bank, Cleveland, 0............... 
Gravel, Cleveland, O.............. 
Sand blast, Cleveland, O 

Silica, Cleveland, O............... 
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TABLE 3 FINENESS TEST—Con. 
Sand Mesh 
Silica, Cleveland, O 8 37.8 404 103 4.2 
Sharp, Cleveland, O .6 29.3 39.1 19.8 
Bank, Chicago, IIl 40.4 28.5 19.2 
Custer Park, Custer Park, II] 0.3 5.9 29.8 19.3 18.2 
Silica, Cleveland, O 0.1 6.1 42.4 36.2 13.3 
Bank, Cleveland, O 18.1 13.3 19.0 
Silica, Cleveland, O ; 420 59 3.1 


107 It is interesting to note that most of the sands adopted by 
foundrymen through experimental work have very nearly uniform 
sized grains, or at least will leave more than half of the sand on two 
consecutive sieves. For instance, the Michigan City core sand, the 
third in the column, has over 75 per cent of its sand on the 60 and 80- 
mesh sieves; the washed Ottawa silica sand has 72.8 per cent of its 
grains on the 40-mesh sieve, and 21.6 per cent on the 60-mesh sieve, 
or over 94 per cent of the sand on two consecutive sieves. The Del 
Ray bank sand so extensively used by brass foundries, is exceedingly 
fine, 55 per cent of it having passed the 100-mesh sieve. Asseen under 
the microscope the grains are clean and rounded so that it has con- 
siderable vent. One of the fine sands used in the east is the Provi- 
dence River sand, and of this 69.8 per cent passed the 100-mesh sieve. 

108 Specifications for Core Sand. More investigation along this 
line and the codperation of manufacturers will result in specifications 
for core sands for different classes of work. These specifications 
should include the relative fineness, the percentage of bonding 
material which will destroy oil, as determined by the dye test for 
colloids or some other test to be determined later, and the percentage 
of alkalies or lime. 

109 Mineral Composition of Sand Grains and Its Effect. A good 
core sand should be free from shale or limestone pebbles if it is to be 
used with oil, since the shale is liable to form a fluxing ingredient. 
For some classes of grey iron work, sands carrying a considerable 
percentage of limestone pebbles are used. These sands cannot be 
used with oil, but can be used with pitch compounds or glutrin. The 
first time they are exposed to molten metal, however, the lime which 
is next to the casting will be burned to quick lime. This will result 
in a considerable volume of carbon dioxide gas which must pass out 
through the vent, but the burning of the limestone to quick lime will 
partially disintegrate the core and make it easy to clean. If any of 
this old core sand is used in the new mix, the quick lime contained in 
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it becomes a rather efficient binder, acting much as does flour or starch 
in that only the portion of the lime in contact with the sand grains 
is affected, the balance of it simply stopping up the vent. 

110 At least two large foundries are making extensive use of a 
core-sand mixture containing heavily bonded loam sand and a quan- 
tity of limestone pebbles. For some classes of very heavy work no 
artificial binder is used, the clay in the new sand and the quicklime 
in the old sand being depended upon for that purpose. It is necessary 
in such cases, however, to give the cores a coat of blacking in order 
to peel the castings, and in making up the cores a large amount of 
coke has to be used to form vent passages. 

111 Effect of Moisture on Volume of Sand. In experimenting 
with a wide range of binders several sands representing different 
types were selected as standards and cores made with each series. 
The Ottawa silica sand, Michigan City sand, and the Rockaway 
Beach sand, were three types of sharp sands, or sands carrying com- 
paratively little bond, selected. One day the man making the cores 
reported that from a measured amount of sand he was obtaining more 
cores than formerly. Upon investigating it was found that he had 
taken one batch of sand from the bottom of a bin of Michigan City 
sand where it was wet and the next from the top of the adjoining bin 
where it was dry. To see if this would explain the matter a quantity 
of dry Michigan City sand was measured, 10 per cent of water by 
volume added to it, the mass mixed over by hand, and an attempt 
made to put it back in the same measure from which it had been 
poured. It was found that 40 per cent could not be returned to 
the measure. Experiments were then made by taking measured 
amounts of sand and adding first 1 per cent and then 2 per cent of 
water, and so on up to 20 per cent or more. It was found that at 
first each addition of water increased the volume of sand until about 
10 per cent had been added, and that beyond this the volume began 
to decrease once more, until the volume of water was so great that 
the sand could settle out of it, when the volume of sand became 
very nearly the same as that for dry sand. 

112 The explanation is simple. In dry sand the grains slide past 
each other until the maximum number of bearing points are in con- 
tact. When there is just sufficient water present to form a film over 
each grain of sand, two grains coming in contact adhere and will not 
move further without the application of force. Fairly hard ramming 
will not even drive the sand back to itsformer volume. This condi- 
tion is graphically illustrated in Fig. 24. On the left there are two 
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graduated cylinders, one containing 500 cu. cm. of dry Michigan 
City sand and the other 50 cu. em. of water. On the right is shown 
the large cylinder with the wet sand in it, and the 10 per cent of water 
having been mixed with the sand by hand and the material dumped 
back into the cylinder. It filled the cylinder up to the 780 cu.cm. 
mark, an increase of 270 cu. cm. or over 50 per cent. In putting the 
sand in, the cylinder was rapped down on the hand as hard as pos- 





Fic. 24 CHANGE IN VOLUME OF SAND CAUSED BY THE ADDITION OF 10 PER 
CENT OF WATER 


sible without danger of breaking it. The results of experiments with 
New England bank sand and Rockaway Beach sand are given in 
Tables 4 and 5. 

113. The practical application of this is that if the men in the 
core room are allowed to take sand as it comes and measure it by 
volume they will be getting constantly varying ratios between the 
sand and the binder. If a given volume of dry sand is taken it wil! 
contain a certain number of grains and there will be a certain ratio 
to the binder. If the same volume of wet sand is taken there will 
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be a very much smaller number of grains and hence a larger propor- 
tion of binder or smaller binding ratio, which will result in a stronger 
core, provided the mixing is properly done. 

114 All core sand should be dried before the binding material is 
mixed with it. If the core sand is measured by weight the introduc- 
tion of moisture in it also introduces an error. Fortunately these 
errors tend to make stronger cores than would result from the use of 
dry sand, on account of the decrease in the bonding ratio, but this 
increase in the proportion of binder is an unnecessary and increasing 
expense which must be borne. 


TABLE 4 TESTS WITH NEW ENGLAND BANK SAND FROM WATERBURY, CONN. 


Water by Weight, Sand Water Added, Increased in Volume, 


Sand, r 2» Water, byV r y 
ind, by Volume Water, by Volume Per Cent Volume Per Cent 


0.77 590 
1.54 680 
2.31 750 
4.62 790 
6.93 830 
9.24 810 
11.55 810 
13. 86 800 


TABLE 5 TESTS WITH ROCKAWAY BEACH SAND, ROCKAWAY BEACH, 


Water, by Water by Weight, | Sand Water Added Increase in Volume, 
Volume Per Cent | Volume Per Cent 


| 


Sand, by Volume 


500 0.68 700 40 

500 1.36 740 48 

500 2.04 730 46 

509 : 4.08 700 40 

500 6.12 810 62 

500 8.16 810 62 
Flooded 470 


115 Effect of Damp Sand on Hand-Mized Oil-Sand Cores. In 
connection with the use of damp sands an interesting core is shown in 
Fig. 25. This was made from sharp Lake sand and oil at the ratio 
of 50 to 1. The sand was fairly damp when taken from the bin, 
containing at least 3 per cent of moisture by weight. The sand was 
spread onthe coremakers’ bench, the oil measured and poured over it, 
and the batch thoroughly mixed by hand, until the oi! appeared to’ 
be evenly distributed. A little water was then added to temper it 
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thoroughly and again rubbed over two or three times by hand. It 
was not passed through a riddle, however. 

116 A batch of cores were made from it and baked. When they 
came from the oven small white spots of unbonded sand appeared on 
the surface and the sand could be poured from these. The hole 
shown in Fig. 25 is less than 7g in. wide and a little over j in. high. 
It extends into the core for 3 in. A number of these were seen all 
over the surface of the core. 

117 Another batch of sand was mixed [in the same way, and 
passed through a No. 4 riddle once. Cores were made from this and 
baked. They were found to contain little spots where a dozen or more 
grains of sand had adhered and the water on them had prevented 
the oil from covering them. These spots of dry sand fell out leaving 
small spots on the face of the core and upon breaking the same con- 
dition was found to exist through its entire body. A portion of the 
same batch was put in a mixing mill and ground for 2 minutes. Cores 
made from this showed perfectly uniform results. 

118 These experiments clearly showed two facts: first, damp sand 
should never be used in making up core mixtures, and second, core 
sand should be ground or thoroughly mixed to insure the incorpor- 
ation of the oil with the sand and the covering of every grain of sand 
with the oil. 

119 Binders Tested. A partial list of the binders tested is given 
in Table 6. This contains nothing but materials from which bind- 
ing compounds are made or materials used as binders, without being 
incorporated with other materials to form core mixtures. The name 
of the one donating the sample is shown at the right. In addition, 
a number of other makers of core compounds have furnished samples 
of their standard products. In this investigation, however, the under- 
lying principles which govern the bonding of core sands are sought 
and hence, so far as possible, known compounds are used. 

120 The results of one series of tests in comparing some of the 
binders is shown in Fig. 26. The paraffine oil and crude oil which 
are frequently used in core oils for blending show no binding power 
whatever, or at least they broke at less than 1 lb. per sq. in. The 
black compounds tested in this series were not suited for use with the 
Rockaway Beach sand, but should have been used with those con- 
taining some loam. The pitch referred to is what is known as 
parolite, a product furnished by the Standard Oil Company. A 
sample of raw linseed oil was also tested in this series, but could not 
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be broken on the testing machine then in use. Since this time 
experiments have been tried and oil sand cores made at the ratio of 


1 to 50, breaking as high as 160 lb. per sq. in. in tension. 


SELECTION AND COMPOUNDING OF CORE MATERIALS 


121 Cores for Steel Foundry Work. The selection of the proper 
materials for use in any given core room depends upon local condi- 
tions as to supply of core-forming materials and the product being 
manufactured. A wider variety of materials can be used inconnec- 
tion with grey iron work than in most other classes of work. 


Fig. 25 MickopHOTOGRAPH OF CORE SHOWING HOLE WHERE UNBONDED SAND 
FLOWED OUT 


122 Heavy open-hearth steel work requires the best materials. 
Both the mold and the cores must be made of silica sand and nothing 
that has a tendency to fuse at low temperatures can be employed. 
At the same time the cores must be of such a nature that they will 
crush readily before the metal as it shrinks. This has brought into 
use many different mixtures all having the same object in view. 
Flour or flour and molasses are sometimes used as binders and the 
cores baked until the bond is practically destroyed so that the core 
isrotten. Core arbors and core rods are relied on to hold the mate- 
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rial together and the surface is thickly coated with a silica wash which 
gives a strong skin to the core. Such a core will usually resist the 
action of the molten metal and crush readily when the casting 


shrinks. 


TABLE 6 


NAME 


Boiled linseed oil.............. 


Raw linseed oil 


| ES ee ae 
| en 


Corn oil 
Cottonseed oil 
Parolite (pitch) 


SE is «4 kows cadets 


Heavy tar oil 


Er ee er 


Resin oil 
Molasses 
Flour 

China wood oil 


GER ae 


Crude oil of tar 
Silicate of soda 
Foundry dextrine 
Special dark dextrine 
Special canary dextrine 
Filtered whale oil No. 1 
Filtered whale oil No. 2 
Filtered whale oil No. 3 


Special varnish gum........... 


Michigan resin 
Oil No. 1 filtered and 
blown whale 


eee 
nF Pe errr eee 


ee 
Starch 


IN a kh da oi cts aaa wie 


SOME OF THE BINDERS TESTED 


SHIPPED BY 


.Spencer Kellogg and Sons, Buffalo, N. Y. 


Spencer Kellogg and Sons, Buffalo, N. Y. 


. Young & Kimball, Boston, Mass. 
.Standard Oil Co., Cleveland, Ohio 


Standard Oil Co., Cleveland, Ohio 

Standard Oil Co., Cleveland, Ohio 
Standard Oil Co., Cleveland, Ohio 
Atlantic Turpentine Co., Savannah, Ga. 
Atlantic Turpentine Co., Savannah, Ga. 
Atlantic Turpentine Co., Savannah, Ga. 
Pensacola Tar & Turp. Co., Gull Point, Fla. 
Hill & Griffith Co., Cincinnati, Ohio 
Hill & Griffith Co., Cincinnati, O. 

L. G. Gillespie & Son, New York 


.Sun Oil Co., Toledo, Ohio 


Pine Turpentine Co., New York 
Philadelphia Quartz Co., Chester, Pa. 

V. C.* Bloede, Baltimore, Md. 

Corn Products Refining Co., Waukegon, III. 
Corn Products Refining Co., Waukegon, III. 
Harvey & Outerbridge, New York 

Harvey & Outerbridge, New York 

Harvey & Outerbridge, New York 


.L. G. Gillespie & Son, New York 


Cadillac Turpentine, Co., Cadillac, Mich. 


Harvey and Outerbridge, New York 


. Westinghouse Electric Co., Cleveland, Ohio 
.Cutter Wood Supply Co. 
..Corn Products Refining Co., Argo, IIl. 


Corn Products Refining Co., Argo, IIl. 


..B. Remmers & Sons, Bourse Bldg., Philadel - 


phia. 


123 Others use both clay and sawdust in their core mixtures, the 


sawdust burning out and allowing for shrinkage and the clay acting 
as a binder. The burning of the sawdust frees the clay and permits 
the cleaning of the core. In one light-work steel foundry shop a 
core made of silica sand Welsh Mountain clay and sawdust is used, the 
core being baked until the sawdust is partially charred. 
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124 For work with core mixtures in which a binder like glutrin 
will sweat to the surface such a mixture could be developed to good 
advantage for steel foundry work, as a core of this kind has a hard 
skin and a rotten or soft interior. All such cores, however, have to 
be baked carefully at a certain temperature for if the skin is burned 
there is nothing left of the core. Glutrin is used in steel facing 
sand and in many clay and silica sand core mixtures. 

125 Cores for Brass, Bronze and Aluminum. The other extreme 
in the core field is found in the brass and bronze foundry. Here the 
temperatures encountered by the cores are much lower, and greater 
diversity of sands and binders can be employed. In a case of this 


Farafine Oil typeset 
Crude Oil 
~ ResinOu 
860 Black Comp 
Light TarOu | 
859 Black Comp 
Flour 
Fish Oil 
Cottonseed Oil 
‘Pitch 
Cora Oil 
Heavy Tar Oil 
Boiled Linseed Oil 
Molasses —_—| 
Blended Oil 
China Nut Oil 








10 20 30 40 50 


Fic. 26 DIAGRAM SHOWING RELATIVE STRENGTH OF A NUMBER OF 
BINDERS 


kind what is needed is a core with a close surface which is still free 
venting enough to permit the mold to be filled quickly and the gases 
to escape readily. 

126 Clay is out of place as a binder in brass and bronze work and 
the material used should be of such a nature as to burn out at a 
rather low temperature. 

127 In dealing with aluminum a metal with maximum shrinkage 
und minimum hot strength is encountered. This requires a core 
that yields readily and softens as quickly as the metal strikes it. Two 
courses are open: to use a mixture giving a core with a soft interior 
and practically all the binder on the surface so that as quickly as 
the surface is disintegrated the core can be readily crushed; or to use a 
binding material which softens as soon as heat strikes it whether it 
burns or not. Resin is the only binder which fully meets this latter 
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requirement, and it is frequently used to good advantage in aluminum 
work. These cores clean out readily if the castings are taken from 
the mold hot and cleaned out at once, but if they are allowed to get 
cool the resin cores harden once more and it is almost impossible to 
get them out. 

128 Cores for Grey Iron and Malleable Iron. For grey iron or 
malleable work the core problems to be met are almost infinite. In 
the radiator shops and in stove foundries producing gas range burners 
it is necessary to have cores which are exceedingly strong and free- 
venting and which will stand being entirely surrounded by metal 
with the exception of a small print. This means a core made from 
sharp sand and at present all such are of oil or mixtures of oil and 
glutrin as binders. 

129 Ojil-sand cores have one advantage possessed by few other 
binders, that a core made from clean sand and oil has no tendency to 
absorb moisture and can be kept without losing strength for an indefi- 
nite length of time. The writer has cores in his possession, now nearly 
five years old, made of linseed oil and clean sand, some of which were 
used after they were four years old and seemed to give as good re- 
sults as the new ones. 

130 A core for the most exacting requirements met by oil-sand 
mixtures must have a tensile strength of at least 75 lb. per sq. in. 
In such mixtures it is usually the most economical to employ only 
high-grade materials and particular care must be taken to see that 
the sand contains no loam which will destroy the bonding value of 
the oil. Linseed oil at $1 per gal., as it has been this past year, makes 
the cost of the old standard binder almost prohibitive and has led 
foundrymen to look for cheaper materials. All of the paint and var- 
nish oils, including China wood, Soya bean, corn and cottonseed oils 
have found a place in the core-oil trade. The regular blended oil, 
on the market also carry resin and neutral oil. As a rule the neutral 
oil does not add appreciably to the binding power of the compound 
but it does serve to carry the resin into the mixture and to give a 
waterproof oil of sufficient strength for ordinary work at a much 
lower cost per gallon than the old standby linseed. As linseed oil, 
however, is the ultimate standard of excellence for all core oils, some 
firms prefer to use it and either to dilute it themselves or to use glutrin 
in the mixture with it. In many grey iron and malleable foundries 
flour or dextrine is used as a binder and for some classes of work 
they give entire satisfaction. 
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131 Cost of Strength in a Core. In solving any core-binder prob- 
lem the ultimate cost is the guiding factor. To determine the cost 
of a cubic foot of core several points must be considered: (1) the 
strength of the core mixture both green and dry; (2) the character 
of the surface which the core presents to the metal; (3) the ques- 
tion of the percentage of vent area in the core; (4) the ability of the 
core to resist moisture; (5) the ease with which the core can be cleaned 
from the casting; (6) the character of the fumes or gases given off 
during the baking of the core and when the mold is poured; (7) the 
number of cores which a man can make in a day from a given mix- 
ture; (8) the cost of drying; (9) the expense of the rigging involved 
with the use of a given binder. 

132 The strength of the green mixture is important in cases where 
cores must stand at a considerable height above the plate during 
drying, and if the core has any overhanging bodies it must possess 
sufficient green strength to carry these. Green strength may be 
afforded by using a bonded sand, that is, a sand containing clay, or 
by using flour, dextrine or some other glutinous or starchy material 
in the mixture. The strength of the dry core is governed by the 
amount of pressure it must resist as the metal enters the mold. All 
cores tend to float as the metal enters and if not sufficiently rigid 
to resist this tendency, are likely to be broken or displaced. 

133 Cores must also have sufficient strength to enable them to 
resist handling. The strength of core mixtures in use in thefoundries 
in which we have carried on experiments varies from less than 5 
to over 100 lb. per sq. in. The proper strength for a given condition 
can be determined only by experience, but after this has been decided, 
any other sand or binder mixtures can easily be compared with the 
standard by suitably testing the new one. Foundrymen have gen- 
erally adopted a bar 1 in. sq. and broken it on supports 12 in. apart. 
This is suitable for oil-sand and fairly strong mixtures, but does not 
give good results for mixtures having low strength. For these the 
tensile method using a delicate machine is to be preferred or bars 4 
or 6 in. long and 1 in. sq. may be made and broken in the middle. 

134 Under the second heading must be considered the character 
of the surface presented to the metal, its ability to carry off the air 
or gases displaced by the metal as it enters the mold, its ability to 
resist the cutting action of the metal as it flows into the mold, an@ 
the freedom with which the burned core separates from the surface 
of the interior of the casting. As has already been stated, in the case 
of metals which have extreme fluidity and a tendency to search out all 
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small openings in the core, it is necessary to use a mixture which 
will present a close uniform texture, the voids or spaces of which 
are so fine thatthe metal cannot flow into them. In the case of such 
metals it may be necessary to use some facing or blacking on the 
core to close partially the spaces or voids and also to make the core 
clean out more readily. Cores for cast-iron water pipe and a large 
variety of similar grey iron work are given a coating of blacking and 
the interior faces of the mold made to peel just as well as the ex- 
terior. If the core itself does not present a proper surface to the 
metal it must be considered whether it would be cheaper to select a 
material which does or to treat the surface of the core in such a way 
as to improve it. 

135 Under the third heading, the percentage of venting area, 
must be considered the size of the sand grains and their character; 
also the character of the bond and the extent to which it blocks the 
vent. Inthe case of castings which are entirely surrounded by metal 
with the exception of a small print, as for instance, gas stove burners, 
the sand mixtures must have a maximum amount of vent and a min- 
imum amount of gases to be driven out, while in the case of aluminum 
the metal solidifies so quickly that a very small amount of gases has 
to be taken care of. The thickness of the casting that is to surround 
the core also has an influence on this as it determines the duration of 
the high degree of heat. 

136 Under the fourth heading, the resistance to moisture, must 
be considered the length of time the cores remain in the molds 
and the manner of handling and storing them. If high-grade oil- 
sand cores are used, their moisture-resisting properties are such that 
no ill effects need be feared from leaving them in the mold several 
hours before it is poured or in connection with their storage, but 
many other binders show a tendency to absorb moisture. Where 
this is the case, if there is a considerable saving in the use of one 
which absorbs moisture, it may be necessary to see if some means 
‘annot be found for so handling the cores as to minimize their ex- 
posure to moisture. If they are kept in a dry place and are intro- 
duced into the mold only a short time before pouring, there will be 
no trouble on account of dampness and the saving in the cost of 
binder may more than compensate for the additional handling. 

137 The fifth heading, ease of cleaning, is one of the important 
problems in the expense of making castings. A proper core mixture 
should rattle out without any difficulty, leaving a good smooth i- 
terior surface. If this is not so, some means must be secured of free- 
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ing the surface from the metal or of making the entire core of such 
a nature that it will soften under the action of the heat. In the 
case of brass and bronze cores, they are very largely blown out by 
dipping the hot castings into water, the steam formed blowing out 
the core. Iron castings cannot be so treated, hence the core must 
be compounded and baked so as to clean freely. One of the most 
common causes of difficulty in the cleaning room is the use of an 
excess of binder in the core room, or the use of sands which are too 
heavily bonded, that is, contain too much clay. 

138 Under the sixth heading, the character of fumes, must be 
considered both the effect of fumes in the core-room and foundry. 
With regard to the character of fumes, certain oil mixtures give 
off very disagreeable odors after the cores are withdrawn from the 
oven and placed in the racks to cool. If less offensive mixtures 
which are equally efficient can be found it will greatly improve the 
working conditions of the core-room men; if not, ventilating devices 
should be provided to draw these fumes away from the coremakers. 
In the foundry the importance of this question depends to a large 
degree upon the volume of the cores used for each individual casting. 
If there are only a few small cores in each mold the volume will not 
he sufficient to trouble the workman, no matter what binder is used, 
hut if the mold is largely composed of cores it becomes an important 
item in the comfort of the molders at pouring-off time, a great 
many castings having been lost on account of careless pouring of a 
molder in hurrying from the stifling fumes of the surrounding molds. 
Whale oil and fish oil give particularly bad fumes in these cases, 
though they form excellent binders. By lighting the gases as they 
come from the vents in the mold the disagreeable odors can frequently 
be reduced, but even then they may be sufficient to make a change of 
binding materials desirable. More and better work will result. 

139 The number of cores per man per day is influenced by the 
character of the binder, since if the material tends to stick to the core 
box, the workman cannot produce as many cores as in a free work- 
ing material. In many binders the trouble with the sticking was 
found to be due to too strong a core mixture and as soon as the pro- 
portion of binder was reduced the trouble disappeared. In the cost 
of drying, the length of time it takes to dry each different class of 
cores when using different binders determines the capacity of the 
core ovens, their fuel consumption, and the floor space which must 
be devoted to equipment of this kind. Quick drying core mixtures 
increase this capacity and so decrease the plant expense. 
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140 High-grade oil-sand cores made from clear sand and oil 
have no green binding power and hence they must all be provided 
with driers which support the core throughout its entire length, or 
the cores must be bedded in open, clear, sharp sand containing no 
binder. One of these procedures requires a considerable outlay for 
driers and the other an expenditure of time for beddingin. If theout- 
put from a given core box or pattern is to be limited, it may pay 
better to use a mixture having some green bond, so that the cores 
may be allowed to stand on one end on the plate or be supported in 
some other convenient manner which will avoid the making of 
driers. If very large outputs are required the driers will be found 
the most economical course. 


N\A . 














Fic. 27 Corer Box witu LINER FOR MAKING SELF-PASTING CORES 


141 Self-Pasting Cores. Many intricate cores must be made in 
halves and then either dried on flat plates and pasted, or the two 
halves rocked together before pasting. Ifthe latter is done, the binder 
must be of such a nature that it will form a self-pasting core. High- 
grade core oils when used in fairly large proportions will generally 
bind the two halves together in cases of this kind. In some cases, 
however, the expedient shown in Fig. 27 must be resorted to. One- 
half of the box is provided with a thin metal sheet shown at A which 
projects slightly over the edge of the box. 

142 After the two half cores are made in the boxes the metal 
plate A is lifted off and the two halves of the box closed together. 
When the halves first meet, the condition will be as represented in 
the lower portion of Fig. 27. As the box is closed together, the pro- 
jections of sand left by the opening in the plate A will crush into 
the faces of each half of the core so as to bond thoroughly the sand 
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in the two parts. This device, the writer believes, was patented some 
years ago by Mr. Lee, superintendent of a department of the Crane 
Company. In other cases the coremaker is careful to leave the sand 
projecting slightly above the face of the box when he strikes it off 
and then when the boxes are closed together there is sufficient pressure 
to make the sand along the faces of the core adhere. These rock- 
over boxes are now used in a number of different classes of work either 


Fig. 28 MicroPHOTOGRAPH OF SELF-PASTING CORE WHICH HAS BEEN VENTED 
WITH A PrREss VENT 


When the block for forming the press vent was forced into the lower ‘alf of the core the sand on 
each side of the box was forced up. When the second half of the box was placed on top of the first 
the sand over the vent crowded down slightly as shown and the ridges of sand at the side of the vent 
caused the material to blend along the parting so that the core became one homogeneous mass when 
baked. 


with or without the stripping device and their use simplifies the 
making of intricate cores and at the same time permits the drying of 
the entire core in one piece. 

143 Where cores are made in halves as shown in Fig. 27 and then 
rocked together, some form of block is generally employed for press- 
ing a vent into the face of one-half of the core. The introduction 
of this vent block swells the sand on both sides of the vent, and this 
is usually sufficient to make the core self-pasting. A section of a 
core similarly made is shown in Fig. 28, where the use of the vent 
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block in the lower half has forced up two ridges of sand, causing the 
two halves of the core to unite. 

144 Grinding Experiments. Concerning the compounding of 
core mixtures the writer has tried a great many experiments, and was 
aware that the grinding of molding sands greatly increased their 
strength, and under the impression that a similar grinding would aid 
core sands. In this connection a series of tests were run at the plant 
of the Lumen Bearing Company in Buffalo. A Wadsworth mixing 
and compounding mill was used, having a pair of small rollers running 
around on an annular track, following which are scrapers that turn 
the sand over first one way and then the other. A number ofdif- 
ferent classes of mixtures were put through the mill. In the case of 
sharp sands mixed with oil, grinding in the mill from 1 to 2 minutes 
was found to be a decided advantage over hand-mixing. After 5 
minutes, however, there was a marked falling off of the strength of 
the core, due evidently to grinding the sand in such a way as to form 
dust which absorbed the oil and prevented its acting as a binder between 
the sand grains. One of the mixtures tested consisted of 120 parts 
of Lake sand, 60 parts of Del Ray bank sand, 5 parts by volume of 
No. 1 Peterson’s core oil, and 1 part by volume of flour. Cores made 
from this mixture showed a strength of over 60 lb. per sq. in. after 
a grinding of 2 minutes. A large batch was made up, thoroughly 
mixed with the shovel, and then succeeding parts of it put through 
the mill, grinding the first 2 minutes, the second 5, then 15, 20, 
and 30 minutes. Several series of this kind were run and in each case 
the initial strength of the material was about 60 lb. per sq. in., while 
the final strength ground 30 minutes averaged less than 30 lb. per 
sq. in. 

145 An experiment was then made by grinding a facing-sand mix- 
ture for dry sand molds. This was composed of four parts of new 
Zanesville molding sand, 52 parts of heap sand, } part of glutrin, 
and 3 part of dextrine. With this the strength increased slightly 
for the first 10 minutes’ grinding and then remained constant for 
grinding up to 30 minutes. In it there is no bond that would be 
injured by fine material as in the case of the oil-sand cores already 
described. It is evident therefore, that in the case of oil-sand cores 
all that is required is a thorough mixing or blending of the ingredients. 
The hand-mixing experiments tried at the same time showed conclu- 
sively that if the oil and water were not ground together in contact 
with the sand so as to form an emulsion and to bring it in contact 
with the grains, the core would have unbonded spots. 
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146 The writer has also had access to the records of several foun- 
dries using mixing and compounding mills of various types and found 
that in all cases the oil-sand mixes require thorough blending, but 
are the better for not being ground with heavy rollers. Loam-sand 
mixtures require more grinding and in this respect are similar to 
molding sand. In one foundry two types of mills were in use, one 
a Wadsworth mill like that used in tests referred to later, at the 
Lumen Bearing Company and the other one having 900-Ib. crushing 
wheels. The latter was found to be best for making a mixture 
with a bonded sand and black compound. When it was first installed 
practically all of the old core sand had been hauled to the dump. 
The common practice then was to mix the sand by hand with shovels 
und put it through a pneumatic riddle two or three times. From 
10 to 20 per cent of old sand was used in the mix. When the mill 
was first put in they were able to use a mix composed of the follow- 
ing: 25 parts of old sand, 5 parts of new molding sand, ? part black 
core compound, and 18 parts of coke breeze. This was the refuse 
coke cleaned out of cars in which the cupola coke was received. The 
coke was first shoveled into the mill, ground for between 1 and 2 
minutes, and then the other material was thrown in, wet down with 
water and glutrin, and ground for 5 minutes. 

147 After continuing this practice for a short time it was found 
that the sand was growing weaker. At first there was the advantage 
of a large amount of unburned pitch in the black compound which 
remained in the old core sand, but with the continued re-use of the old 
sand this proportion was decreased and so the following mixture was 
finally adopted: 20 parts of old core sand, 3 parts of new molding 
sand, 2 parts of sharp sand, 6 parts of refuse coke, and 1} parts of 
black core compound. This was run through a }-in. riddle at the 
mill and then used for making the largest of coarse cores. Some of 
it was subsequently run through a }-in. riddle and used for a facing 
sand in the large cores. 

148 The selection of core materials will probably remain for some 
time largely in the hands of the core-room foreman, but the writer 
confidently expects to see all of the larger concerns and the more 
progressive foundries throughout the country placing the control 
of these supplies in the. hands of the laboratory, just as they have 


placed the control of their metals and fuels in the hands of the labora- 
tory , 
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CORE OVENS AND CORE DRYING 


149 The baking or drying of a core is a complex process, depending 
upon the character of the sands and the nature of the binders used. 
Where flour, starch or dextrine are used, the moisture is first driven 
out and then the starch or flour compound is baked, as in any ordi- 
nary bread-baking process. To develop the greatest strength the 
material must not be charred, but should be carried simply to the con- 
dition of ordinary bread crust. For this purpose the temperature 
should be between 350 and 375 deg., and under no circumstances 
should it be allowed to rise above 400 to 410 deg. If flour or starch 
bonds are charred they immediately lose strength. Such a core taken 
from the oven at its condition of maximum strength will still con- 
tain some moisture in the starch or flour compounds, this moisture 
being mechanically combined, and naturally gives off a great deal of 
smoke when the mold is poured. 

150 In the baking of resin or pitch cores it is necessary only to 
heat the material to such a temperature as to cause the resin or pitch 
to flow and unite the grains of sand. Practically all black core com- 
pounds contain a considerable percentage of dextrine and on this 
account the baking partakes both of the nature of the process already 
described and of the melting of the pitch, causing it to flow through 
the sand. This requires only a temperature of 350 to 400 deg., 
and if heated much above 410 deg., the dextrine contained in the black 
compounds will be burned out or, in the case of the resin core, some of 
the resin oils will be distilled off and the material will lose in binding 
power. Most of the resin oil, however, does not distill off below 559 
deg., but at 640 deg. fahr. over 90 per cent of it can be driven off. 

151 In both of these classes of cores described, the first operation 
is to drive out the water, and the second simply a baking or melting 
as the case may be. In both cases, during the first part the core 
oven should have ample ventilation so as to drive out the steam as it is 
formed. During the latter part a free circulation of air is not needed 
and in fact not desirable, as it would tend to oxidize or burn the com- 
pounds forming the bonds if the temperature of the oven got a little 
too high. 

152 With oil-sand cores an entirely different proposition is en- 
countered. The active bonds are the drying oils with the exception 
of resin, which is sometimes blended with the core oil. The drying 
or paint oils all require a good circulation of air through the oven. 
As in the preyjous cases, the first action which takes place isthe driving 
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out of the moisture contained in the core and the second largely the 
oxidation of the oil. If a blended or compounded oil is being used 
which contains mineral or tar oil, or any similar compound, there will 
be some volatile hydrocarbons which will be driven out. After this 
it is necessary to continue a good circulation of air through the oven 
to oxidize the oils. 

153 The process going on in the core oven during the latter part 
of the drying of an oil-sand core is similar to that of drying oil-skin 
clothing. This clothing is made by dipping cloth in a mixture of oils 
and drying it in a current of warm air. If the rooms containing 
the clothing to be dried are shut up so that there is no current of air, 
the oil will remain moist for days, even though the temperature may 
be much above that ordinarily employed for the purpose. With a 
good circulation of air, however, the clothing will dry rapidly to a 
firm hard skin. In like manner oil-sand cores must be given plenty 
of oxygen if they are to be properly dried. 

154 Very few of the bonding oils will be burned at temperatures 
below 500 deg., and hence when they are being used core ovens can 
be driven at a higher temperature than with flour or starch. There is 
no need, however, of carrying the temperature above 400 to 410 deg., 
and the writer believes that the best results are obtained at about this 
range. If the temperatures reach 600 deg., all forms of carbon used 
in core binders begin to char and the strength of any carbon bond is 
reduced. The cores already spoken of, composed of silica sand, 
Welsh mountain clay and sawdust, were baked at about 600 deg., for 
the purpose of charring the last ingredient. With ordinary binders, 
however, this would not be a proper procedure. 

155 Asa rule a foundryman keeps no record as to the part of his 
oven in which certain cores were baked and may be wholly unaware 
of the fact that from 10 to 30 per cent of the product is seriously 
damaged every day and that in many cases castings are lost on account 
of being baked at too high a temperature in hot parts or not thoroughly 
baked by being left in cold parts. With arealization of these great dif- 
ferences in temperature a series of experiments has been tried with a 
pair of recording thermometers furnished by the Bristol Company of 
Waterbury, Conn. Before taking up the matter of recording ther- 
mometers, however, it may be interesting to speak of one piece of bad 
core-oven practice which came under the writer’s attention in this 
investigation. The ovens were simply iron boxes having bars across 
them to support the core plates. In the bottom of each box there was 
an open coke fire with no baffle plates between the fire and the core 
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plates. Flour cores were being made at the ratio of one part of flour 
to nine parts of sand, and core plates were pulled from directly over the 
fire with the edges of the plate at a dull red heat, showing a tempera- 
ture of at least 900 deg. fahr. The cores on these plates were black 
on the outside and smoking as though they were on fire and were 
being at once put in the molds by the molders to whom they were 
taken and the molds poured. One of the smoking hot cores was taken 
from one of these lower plates and broken, showing that the outer 


1 in. was burned while the inside of it was still in the condition of 
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Fig. 29 DIAGRAM ILLUSTRATING DIFFERENCE IN TEMPERATURE IN A PORTABLE 
CorE OvEN 


dough. The only wonder is that their casting loss was not greater 
than their report showed. The top of these ovens was probably 
below 550 deg. fahr. 

156 The first ovens in which the writer tested the difference in 
temperature between the shelves was the Wadsworth oven used in 
experimental work at Covington and the first diagram taken is 
shown in Fig. 29. This heat was not used to bake cores but simply 
to try out some fuels and also to find the difference in temperature 
between the top and bottom. The curve for the lower thermometer 
which is placed just above the bottom shelf is marked B, while that 
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for the top thermometer which is placed just beneath the top shelf is 
marked 7. In this oven the bottom shelf was the hottest while the 
oven was being fired. When it cooled off at night, however, the 
temperature of the lower thermometer fell below that of the upper. 
From 12.25, when the thermometers were coupled. until 2 p.m., 
the writer was firing with coke and trying to get the temperature 
up to 400 deg. At that time the coke fire was raked down and a 
fire of anthracite coal put in. The temperature fell from 2 to 3.10. 
when it commenced to rise, and at 7 p.m. the lower thermometer 
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Fic. 30 DIAGRAM ILLUSTRATING DIFFERENCE IN TEMPERATURE IN AN OIL- 
Firep Core OVEN AND ALSO THE EFFECT OF OPENING Doors AND IMPROPER 
CONTROL OF HEAT 


had reached 510 deg. and the upper one 450 deg., there being a differ- 
ence of 60 deg. between the top and the bottom of the oven. After 
this anthracite coal was used in this oven and the curves were kept 
very close to 400 deg. A difference was found between the top and 
bottom shelves which was rarely less then 30 deg. and under working 
conditions sometimes 40 deg. When the oven contained cores 
no difference was experienced as great as that indicated at 7 p. m. on 
the chart shown in Fig. 29. 

157 The diagram shown in Fig. 30 was taken on a set of ovens 
without changing their ordinary core-room practice, the men being 
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allowed to open and shut doors or control the temperature as they saw 
fit. ‘The ovens were of the oil-fired type and the oil came from a 
pipe line which also supplied a battery of oil-fired furnaces. The 
pressure in the line varied greatly when these furnaces were started 
or stopped,and unless corresponding changes were made in the con- 
trol valves on the core oven, the temperatures of the core oven would 
increase or decrease in accordance with the varying oil pressure in 
the line. The oven was watched closely so that the line on the chart 
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Fie. 31 O1L-FirEp CorE OVEN SHOWING MANNER OF ATTACHING THE Bris- 
TOL RECORDING THERMOMETERS FOR ASCERTAINING DIFFERENCES IN TEMPER- 
ATURE 


could be interpreted very accurately. The record for each ther- 
mometer was recorded on a separate chart but is here drawn on one 
chart to make comparisons more apparent. In this oven the upper 
thermometer, the location of which is clearly shown in Fig. 30, regis- 
tered the highest temperature. At 11.50 one of the men opened one 
of the upper doors to take out cores and left it open for several minutes. 
This made a rather sharp drop in the line for the upper thermometer 
without any corresponding drop in the record of the lower thermome- 
ter. At 12.30 a man opened one of the lower doors opposite the lower 
thermometer and this resulted in a sharp drop of nearly 30 deg. in the 
lower thermometer. At 1.10 a door located about midway between 
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the two thermometers was opened and both fell, the upper one show- 
ing the greatest difference of a fall of over 20 deg. while the lower one 
fell 15 deg. From 11 a.m. until 1.30 p.m. melting furnaces were 
being shut off and the oil pressure in the line was increased so that the 
general trend of both curves was upward, the sharp local conditions 
being due to the opening and closing of doors. At 1.45 two of the 
upper doors were opened and a lot of heavy green cores were put in. 
Cores were also placed on the third or middle shelf. This caused 
the upper thermometer to show a drop in temperature continuing until 





Fig. 32 DIAGRAM ILLUSTRATING DIFFERENCE IN TEMPERATURE IN AN OIL- 
FirED Corr OVEN OBTAINED ON THE SECOND Day THE THERMOMETERS WERE 
ATTACHED 


2.10. About this time the lower door was opened giving a slight fluc- 
tuation. Just before 2.30 both upper and lower doors on the back 
side of the oven were opened and left open for some time and green 
cores put in. This resulted in a sharp drop of both thermometers. 
After this there was a gradual increase until 3.10 when one of the lower 
doors on the front side of the oven was opened and left so. The 
temperature fell gradually for the first few minutes and then rapidly 
until the lower thermometer ‘showed a drop of over 200 deg. The 
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upper thermometer at the same time fell about 65 deg. In like man- 
ner the various humps of the curve can be explained throughout the 
day. About 4.15 the melters commenced to cut off furnaces and 
the oil pressure gradually rose driving the temperature up until 6.10, 
when the oil was shut from the oven, and the curves for both ther- 
mometers fell. On the day the chart shown in Fig. 30 was made a 
very large number of cores was lost on account of being burned. The 
next day an attempt was made to control the temperature of the oven 
and keep it as near 400 deg. for an average as it was possible to do. 
The twocurves for this day have been plotted together as shown in Fig. 
32. Inthe morning when the oven was first started the temperature 
was allowed to rise until the upper thermometer registered 460 and 
the lower one 385. The oil supply was then checked giving a quick 
drop in the temperature of both thermometers. The temperature 
picked up once more, however, until at 9.50 it was again at the 
same figures which it had reached at 9. Here the oil supply was 
again checked when the temperatures dropped slightly and continued 
fairly uniform until 1 p.m. Between 11.30 and 1 it was necessary to 
regulate theoil supply a number of times to hold the curve as uniform 
as it appears in this record. At 1 o’clock the writer left the oven to 
look after some other work and the man in charge did not regulate it 
as closely as he should. He did, however, check the supply at 2 p. m. 
and again at 3.30, thus preventing the curve rising as high as it did 
on the previous day. The results obtained by baking the cores at 
the temperatures recorded on the chart shown in Fig. 32 were much 
better than those obtained the previous day when the temperatures 
varied as shown in chart 29. 

158 If all core ovens were equipped with recording thermometers 
and account taken of the time different cores were placed in the oven, 
the foundryman would have a record of the baking temperature of 
each batch of cores and would thus be able to trace irregularities in 
the quality of the cores to the baking temperatures, if variations in 
these temperatures were to blame. When workmen know that a 
recording instrument is watching them and drawing a record of just 
how they maintain the temperature in the oven they will look after 
the fire and the drafts and see that the record is a credit to them. 
The writer believes it is a good thing to put the recording ther- 
mometers where the foreman can see them and then hold him respon- 
sible for the results, for many castings are ruined through bad cores 
and the trouble laid at the molder’s door or considered a mysterious 
dispensation of providence. 
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159 Core-Oven Design. It is not intended in this paper to go into 
an exhaustive discussion of core-oven construction, but the underlying 
principles of core-oven design will be stated. If it is to be efficient it 
must be so constructed as to maintain a practically uniform tempera- 
ture throughout the entire drying chamber. For the best results 
the extreme variations between different parts of this chamber 
should not exceed 60deg.fahr. There also should be a proper circula- 
lation through the oven to insure the carrying off of any steam gener- 
ated during the first period of drying of cores and to afford an ample 
amount of oxygen for oxidizing and drying oil binders. Where 
no oil binders are used and the cores are dried in batches it is advisa- 
ble to vary the amount of circulation through the oven at different 
periods of the drying process so as to avoid undue oxidation of cer 
tain classes of binders toward the end of the drying period. 

160 The most common mistake made in core-oven design is that 
of locating the firebox too close to the oven and of discharging the 
products of combustion into the core-drying chamber at too high a 
temperature. This practice renders certain portions of the oven 
inoperative for efficient baking on account of the fact that if any cores 
were located in these hot parts they would be burned. In the oven 
there should be ample space between the combustion chamber, or 
firebox, and the oven, or drying chamber, for the mixing of the 
products of combustion so that they will have a uniform tempera- 
ture when entering the oven, and this should be the maximum 
baking temperature of the oven. The most efficient ovens that 
have come under my attention have all had their firebox located at 
some distance from the oven proper, or else have had a large mixing 
chamber introduced in the flue between the oven and the firebox. 
In one case there is a battery of ovens constructed with fireboxes in 
the basement and the ovens are located two stories above. The flues 
are so arranged and provided with dampers as to make it possible to 
control the temperature and volume of the incoming gases entering 
each oven or oven compartment. A provision of this kind insures 
rapid drying without any danger of burning the cores. 

161 Steam-Heated Core Ovens. For some classes of binders steam- 
heated ovens are excellent since they insure control of the tempera- 
ture and preclude any possibility of its rising above the desired maxi- 
mum. The fuel economy of the steam-heated oven, however, is 
very low, and hence some form of direct firing by carbonaceous fuel 
is generally depended upon. 
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162 Core-Oven Fuels. The fuel used must be one that does 
not give a smoky flame which would cover the cores with soot. In 
consequence, anthracite coal, coke, fuel oil, and gas, are the fuels 
commonly employed. The products of combustion from anthracite 
coal and coke are carbon dioxide with possibly a little carbon monoxide 
if there is imperfect combustion. With these are mingled a large 
amount of nitrogen which is passed through the oven with the air 
supply to provide oxygen for the combustion of the solid carbon. 
All of these gaseous products are efficient drying agents and have the 
power of absorbing moisture and carrying it from the core oven with 
them. 

163 Turning to fuel oil or gas as a means of heating the oven, an 
entirely different set of fuels is encountered. Both of these fuels 
contain larger percentages of hydrocarbons, all of which burns to 
water, which passes off as steam and as its temperature falls in the 
core oven it tends to saturate the air with steam and hence is not effi- 
cient as a means of carrying moisture from the oven. In other 
words, while all of the combustible material in oil or gas produces 
heat when it is first burned, the products of combustion are of such a 
nature that much of the heat is carried through the oven locked up 


in the steam resulting from the burning of the hydrocarbon compounds 
and so is not available for the drying of cores. The exceedingly high 
thermal efficiency of gas and oil, however, and the fact that the use of 
fuels of this kind does away with the handling of coal or ash may make 
it advisable to use such material though it is not the most efficient 
fuel. 


164 Continuous Core Ovens. In the case of continuous ovens where 
the cores are carried by mechanical means, care should be taken to see 
that there is no hot spot,in the ovens where the temperature exceeds 
the safe drying limit for the binder in use. Cores may be made to 
resist high temperatures by spraying the surface of the cores to increase 
the percentage of binder in the surface, but this is expensive since in 
spraying cores much of the material is wasted, and the operation itself 
takes time. It is far more economical to design the oven so thatit 
will bake the cores with the maximum degree of rapidity and at the 
proper temperature, than to try to utilize improperly designed ovens 
by doctoring the core-room practice. One advantage of continuous 
ovens over many of the other types is that the temperatures of the 
different parts may be controlled so as to give the most rapid and effi- 
cient drying possible, but this is true only where the cores are approxi- 
mately uniform. 
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165 Chamber Ovens with Shelves. For chamber ovens in con- 
tinuous use, the cores being dried on individual shelves, it is 
necessary to determine the condition of the drying by inspecting the 
cores. In such ovens the products of combustion usually rise and 
pass out of the top and if there are partially baked cores on the upper 
shelves and subsequently green cores beneath them, the steam driven 
out of the green cores passes over the dry cores and the moisture 
may, to some extent, be absorbed by the dry cores, thus retarding 
their baking. In any case the presence of steam in the ascending 
current of air will retard the baking on the upper shelf. This is one 
reason why the lower shelves of a drying oven frequently bake faster 
than the upper shelves, even when the temperature of the incoming 
gases is kept well below the maximum allowable for the oven. 

166 Distortion of Metal Parts of Core Ovens. Core ovens have been 
arranged in many cases so that the fire was 1 to 3 ft. from the cores 
being dried. The core cars have often been warped and bent out of 
shape by the fact that the flame from the fireboxes played against them. 
Iron will not be distorted at any temperature that is safe for the baking 
of cores, hence any warping of any metal work in the oven is evidence 
of too high temperature. For the proper regulation of the tempera- 
tures in core ovens, recording thermometers should be applied not 
only to the ovens themselves but to the main heat flues. 

167 Core-Oven Cars. For efficient core-oven work the car must be 
designed so that it will support the cores without any danger of being 
distorted. The tracks for supporting the.car must also be rigidly 
supported and kept in perfect condition. Too little attention is 
given to the design of this part of the core-room rigging. A firm 
installing a core oven will frequently order from the lowest bidder. 
From the day such an oven comes into commission it is a constant 
expense in the way of spoiled cores and time expended in unnecessary 
manipulation in getting the work to and from the oven. The core 
trucks or cars should run into the oven as easily as any other part of 
the industrial transportation system, and there is no need of having 
to bring a 25-ton travelling crane to the front of the core oven and 
couple it to the truck by an intricate system of chains and blocks 
in order to shove 5 tons of cores into the oven. 


CORE PASTING, HANDLING, AND STORAGE 


168 With the increasing demands from the designing department 
for greater accuracy in finished castings, it has been necessary to 
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improve the core-room rigging to insure the accurate fit and location 
of the cores. For convenience many cores are made in halves so 
that they can be dried on flat plates. This method also affords an 
opportunity for the forming of vent passages on the parting. Fig 
33 shows a pair of half cores and the vent block which was used in 
pressing vents in the cores. The horizontal strips attached to th 
blocks press grooves in the face of the cores that lead the vent to the 
face of the print and the vertical or projecting pins press vents into 

















Kia. 33. BLockK FOR FORMING PREss VENTS IN CORES AND PrREss-VENTED 
CorRES 


the pockets of the core. After baking they must be assembled and 
pasted together. 

169 Core-Pasting Device. John Gow of the General Electric Com- 
pany has contrived and patented the device for core-pasting shown in 
Fig. 34. It consists of a shallow wooden box made of pine, well 
protected with shellac. Through the bottom;of this box is cut a 
series of grooves corresponding tothe line of paste required to unite the 
parts. The core shown at the left is laid in the box, being guided into 
place by the three guide blocks. The box with the core in place is 
then placed in a tank containing 2 or 3 in. of liquid paste. The box 
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is pressed into the paste so as to force it up through the groove into 
contact with the face of the core. When the box is lifted out once 
more and the core removed there will be long narrow strips of paste 
where they are required on the face of the core. The two halves of 
the core are then assembled and placed in the drying oven to dry the 
paste. This method is economical of paste and applies the material 
very much more rapidly than it could be done by hand. It also 

















Fic. 34 Pastinc DEVICE FOR PASTING SPLIT CORES 


avoids all possibility of getting paste into the vents. Where dupli- 
cate work is to be done it has proved an excellent time saver. 

170 Drying Pasted Cores. After the cores are pasted it is neces- 
sary to dry the paste before introducing the cores into the molds. In 
some cases a torch is used to dry the paste near the edges of the part- 
ing and thecores sent directly to the mold, but the maximum adhesion 
of the paste has not been developed and the core is likely to shift. 
Generally a regular core oven is used for drying, the pasted cores 


being placed on plates and introduced on to core-oven cars or placed 
in drawer ovens. 
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171 A device for pasting and drying cores in large quantities 
is shown in Fig. 35. The table supporting the core plates consists 
of angle iron legs which carry angle iron rails running along the sides. 
These in turn support cross bars carrying a pair of ordinary railroad 
rails upon which the core plates may be placed. The hood is lifted 
off while the cores are being assembled. The cores are pasted on 
the plates with the use of suitable portable pasting jigs. As soon as 
one entire bench of cores has been pasted the hood C is dropped over 














Fic. 35 PortTABLeE Hoop USED IN DRYING PASTED CORES 


the structure as shown. The gas pipes AA are provided with per- 
forations through their entire length and when C is dropped in posi- 
tion the gas is turned into the pipes and lighted. The heat from the 
gas jets issuing from the pipes AA rising under the core plates B is 
deflected by them to the sides of the hood, and surrounds the cores 
with hot air so as effectually to dry the paste. For ventilation a series 
of small holes near the top of C is arranged as shown at D. As soon 
as one bench full of cores is covered with its hood and the cores are 
drying the workmen pass to the next bench and begin to paste cores 
on it. By the time they have pasted them on four or five benches 
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those on the first are dried, so that the gas can be turned off, the hood 
lifted and the cores removed. This scheme does away with the han- 
dling of the cores while the paste is green and avoids possibilities of 
cores shifting. 

172 Core-Assembling Jigs. For assembling automobile cores vari- 
ous types of jigs have been devised. The principle on which these 
jigs work is well illustrated in Figs. 36 to 40. Fig. 36 represents a 
jig for filing the pasting faces of eores. The upper edges of this jig 
are protected with pieces of tool steel which have been made as hard 

















Fig. 36 JIG FOR FILLING PastTING SURFACE OF JACKET CORES 


as fire and water could make them, so that they will not be affected 
by passing a file overthem. The core is dropped into the jig shown in 
Fig. 36 and a coarse file passed over the pasting face so as to bring it 
to a uniform surface. The core boxes are so constructed as to allow 
about 0.01 in. on the core face for filing. . The lower half of the core 
is then placed in a jig as shown in Fig. 37. The paste is applied to the 
surface and the next section of the core placed in position as shown 
in Fig. 38. In this case it was a small section at the back of the core. 
The paste is then applied to the next surface and the upper half of 
the core is introduced as shown in Fig. 39. In taking the illustration 
a set of unfiled cores were assembled in the jig so that the parting 
is not perfect, as it would be in the case of filed cores. After the cores 
have been assembled in the jig they may be removed and placed on 
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the core plate for drying in the oven or the entire jig may be placed 
in the oven and the cores dried in the jig. Where a limited number of 














Fig. 37 First Section oF CorE PLACED IN PASTING JIG 














Fig. 38 Pastina JIG SHOWING SECOND SECTION OF CORE IN PLACE 


cores is required it is best to dry the cores in the jig, but with a large 
number the amount of equipment in the shape of jigs would be pro- 
_hibitive, and hence the cores are removed before drying. 
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! 173 Core-Testing Gages. After the cores have been dried they are 
tested by means of various gages, a set of which is shown in Fig. 40. 














Fie 39 Pastine JIG sHOWING CoMPLETED Corg IN PLACE 














Fie. 40 GagsEs ror TresTING CoRE 


The core is placed on a steel plate and the shoulder at the right is 
filed off by passing a file over the hardened steel plates surrounding 
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this portion of the core. Thisinsures the proper length of the core from 
shoulder to shoulder. The interior diameter of the core istested with, 
the star gage shown at the left; the exterior diameter with the calipe: 
gage shown at the right; and the print by the ring gage shown at th: 
upper left-hand portion of the illustration. 

174 Where a large output of cores is required these jigs are made 
entirely of metal, and it isno uncommon thing for the modern foundry- 
man to hold his core work within limits of a few thousandths of an 
inch for medium sized cores and within‘ 0.01 in. for cores 1 ft. or 
more in diameter or length. 

175 The use of core jigs is not confined to small work such as cores 
in connection with automobile castings, but may be applied to steam 
engines or any large work. A wooden or metal frame may be con- 
structed with bearing points corresponding to the bearing points 
which carry the cores in the mold. The cores to be tested can be low- 
ered into one of these jigs with the crane and then by means of suit- 
able gages the metal thickness that will be left at all points can he 
ascertained before the core is placed in the mold. 

176. Core-Setting Jigs and Gages. It is also possible to use setting 
jigs for placing cores in the mold to insure the proper fit of the various 
parts. Fig. 41 represents the drag half of a cylinder mold for a large 
gasengine. In this case the cores are supported on arbors which fit 
in prints at the ends of the molds, the prints being shown at the front 
and back of the mold. Fig. 42 illustrates the same mold with the 
main barrel cores in place and the core jig located over the top of 
the barrel cores to measure the setting of the barrel cores. This 
jig may be placed anywhere along the length to see if they are straight 
and properly set at all points. The illustration shows a type of cylin- 
der for a 2-cycle engine, the compression cylinder being at the right 
and the ordinary working cylinder at the left. The compression 
cylinder does not need water jacketing. 

177 The drag half of the mold with all of the cores assembled is 
shown in Fig. 43. After the upper half of the jacket core is in place 
a caliper gage may be used to see that the space between the barrel 
and the jacket is correct and a gage similar to that shown in Fig. 42 
may be used to test the outside of the jacket core if desired. 

178 Handling the Dry Cores. The handling of cores is of impor- 
tance. Every time a core must be picked up and set down there is 
danger of its being broken and an expense for the labor involved. 
Cores should pass from the oven to the molder with the fewest han- 
dlings consistent with the maintenance of a sufficient stock of cores to 
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insure continuous work in the foundry and also with distribution of 
the work in the core room so as to allow the coremakers to complete 
batches of a given style of cores in the most efficient manner. 

179 Where the operations are such that a constant number of 
standard cores are required they should be taken from the core-oven 
trucks, and placed directly on some form of carrier which will deliver 
them to the molders. In the case of small chunky cores such as are 
used in fitting shops the cores are often piled into boxes and these in 


Fic. 41 Mop ror Large 2-cycte Gas-ENGINE CYLINDER WITH Port Cores 
IN PLACE, SHOWING Supports FOR CoRE ARBORS 


turn laid on the trucks or on racks supported from overhead trolleys 
and then transported to the molders. Where cores must be passed 
to a storage or must be pasted subsequently to drying, they can be 
taken from the core-oven trucks, laid on industrial railway cars 
and delivered to the storage or pasting departments and to the 
foundry as required. 

180 Handling Green Cores. Where possible the coremaker should 
place the plate carrying the green cores either on. the shelves of the 
core-oven truck in which it is to be dried or on & conveyor which 
will carry the cores to the core oven. For medium sized plants one 
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of the most efficient methods is to have the core-oven trucks so de- 
signed that they will run on tracks between the coremaker’s benches. 
The coremakers place the cores on the shelves of the truck and 
laborers then run it out from between the benches to a transfer car 
which delivers it to the oven in which the cores are to be baked. 
After the cores are dried the truck carrying the dry cores may be 
taken to the core storage or the dry cores may be placed on 








‘Fie. 42 Mop ror 2-cycte Gas-ENGINE SHOWING LOWER HALF OF JACKET, 
CorEs AND BARREL CORES IN PLACE, WITH GAGE FOR TESTING CORE SETTING 


industrial railway trucks or carriages supported from a trolley 
system and carried either to the storage or the foundry. 

181 Protecting Cores from Dampness. Complaints are constantly 
made to the effect that flour, starch, dextrine, or glutrin cores 
become soft if left in storage. The reason for this is that if exposed 
to moisture-ladened air these cores will absorb moisture. The author 
has seen a core storage located in a cold unheated building with the 
exhaust from an engine playing past the unclosed windows so that 
the exhaust steam came in over the cores in clouds. They might just 
as well have played water from a hose over them so far as the effect 
was concerned. 
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182 On the other hand, there are a good many heated core stor- 
ages. In most cases these are located over the core ovens and take 
advantage of the waste heat from the core ovens. In other cases 
they are located over malleable annealing ovens or in any place 
where there is waste heat available. In some other cases they are 
heated with steam coils or stoves fired with coke or natural gas. The 
author has seen flour cores taken from such a heated storage and 
used after they had been in storage for three years, and they were 








Fig. 43 Mo.up ror 2-cycte Gas-ENGINE CYLINDER, CORES SET 


just as good as the day they were made. Glutrin cores made with 
gangway sand have been used after they were many months old. 

183 In many plants it is the practice to leave cores standing 
upon the molders’ floor from one to three days before they are used 
or to introduce them into molds long before they are used. 

184 Moisture in Molding Sand. In order to ascertain the mois- 
ture conditions that the core must meet in the mold,samples of the 
molding sand were taken from many foundries in different parts of 
the country and moisture determinations made. The amount of 
moisture used in molding sand was found to vary from less than 5 
per cent to over 10 per cent, and in the same foundryit will frequently 
vary 3 per cent in a singleday. By watching the molding operations 
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the author has been able to predict which molds would be lost 
before they were poured, and these predictions were verified when a 
badly blown casting was shaken out. In one case the foundryman 
had been blaming first the iron and then the coremaker, it was 
proved conclusively that the trouble lay in the too free use of the 
swab on certain molds. A core made from any of the standard 
binders should be able to remain in the mold from morning until! 
afternoon without any danger of its absorbing an excessive amount 
of moisture, providing the core has not been subjected to undue 
moisture in the storage or the molding sand has not been worked 
too wet or overswabbed. 

185 Location of Core Storage. The core storage in any plant 
should be so designed and located that the cores can be handled with 
the least amount of labor and also so that the number of cores of any 
given kind on hand may be ascertained readily at any time. The 
placing of the core storage on the second floor usually makes it pos- 
sible to utilize some waste heat for the protection of the cores, and 
the transportation of the cores to and from the storage by elevator 
adds but little to the expense, as vertical transportation is very cheap. 


CORE MACHINES AND CORE RIGGING 


186 Types of Core Machines. Core machines in so far as they 
affect core sands and core-binding materials are considered in this 
paper. There are four distinct types of core machines in general 
use. The best known and probably the oldest type is that which 
corresponds to the hand-rammed molding machine. In this case 
the core boxes are simply attached to a molding machine, the core 
sand rammed in the boxes and the machine used for rolling over and 
drawing the boxes away from the finished core. 

187 Another type of machine which has long been in use is the 
screw-feed machine forming a core through a die. The plunger-feed 
machine works on the same principle so far as the die is concerned. 
In a machine of this kind the core mixtures must be forced through a 
die and on toa plate. Such a mixture must contain sufficient green 
binder to make the core stand up on the plate and sufficient oil to make 
it slip on the plate without being torn up. These conditions are antag- 
onistic, as the green binder depended upon is usually flour and the 
core oil neutralizes much of the effect of the flour. Core mixtures 
for use in machines in which the core is forced through a die must 
contain an excess of binder, but the capacity of the machines is usu- 
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ally sufficient to more than pay for the excess of binder used. Such 
cores usually vent fairly freely in spite of the excessive amount of 
binder and the reason for this is that the large amount of flour used 
shrinks greatly during drying, thus giving added vent space. 

188 Where silica sand or a good sharp sand is used as a base with 
a proper binder the cores will neither shrink nor swell appreciably 
during baking, and in fact, George H. Wadsworth has succeeded in 
producing both square and round cores which were kept within lim- 
its of 0.004 in. over or under a given size. This is a total allowable 
variation of less than 0.01 in. Machines of this type, that is, either 
the screw-feed or plunger-feed machine, are extensively used for form- 
ing parallel sided stock cores. 
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Fig. 44 Sections or BIN FOR STORING LARGE QUANTITIES OF SAND 


189 For forming irregular cores a new type of machine has come 
on the market within the last few years. This is known as the 
Hulet machine, manufactured at Kankakee, Ill. In this the core 
mixture is blown into the core box by compressed air and the 
packing accomplished by the impact of the sand as it enters. 

190 The jar-ramming molding machine was very promptly applied 
to core making, and a large variety of special jar-ramming machines 
have been developed for this purpose. Jar-rammed cores vent 
more freely than hand-rammed cores on account of the fact that hand 
ramming tends to form hard faces which effectually block the flow 
of the gases through the mold and so interfere with the vent. In 
the case of automobile cylinder jacket cores and other intricate work 
made from silica sand and oil mixtures jar ramming has almost elim- 
inated the use of artificial vents. 
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191 In the case of large cores made from pitch or black compound 
mixtures or from any mixtures suitable for heavy work the jar-ramming 
machine can be used with special or ordinary standard boxes. A 
layer of facing sand is first shoveled in next the core box, the core 
arbors, and the core bars are introduced together with any coke or 
other material that may be required to form vent passages, the 
remainder of the sand is then introduced and the whole mass jar- 
rammed, the core arbors and core bars settling down into the sand 
as it is rammed. This results in a uniformly rammed core which 
does not have a tendency to swell and become irregular in drying 
as is often the case with hand-rammed cores. Such a core also vents 
more freely than a hand-rammed core. 

192 These advantages alone would be sufficient to induce foundry- 
men to introduce core machines into their foundries, but there is 
the additional advantage of larger output and the author is convinced 
that in the future there will be an increasing use of machines for 
forming cores in the foundry. In addition to the types of machine 
already specially referred to nearly every type of molding machine has 
found its application in the making of some kind of special cores. 
The roll-over molding machine is being used extensively for the pro- 
duction of automobile jacket cores. 

193 Sand-Handling Equipment. Particular attention should be 
given to the storage, preparation and mixing of core sands. The 
sand should be put into storage at the time of year when it is driest, 
as this saves freight and also insures sand in better condition for core 
work. Core sand should always be kept under shelter. 

194 The method of storing sand will depend largely upon the 
size of the plant. For comparatively small plants a series of covered 
bins may be arranged in the basement and the sand introduced into 
them through chutes in the side of the building from a switch outside 
or dumped into them through hatches in the roof. 

195 For the storage of large quantities of sand, concrete bins are 
best. Fig. 44 illustrates the bin construction which has been used in 
a large steel foundry. The bins are separated by division walls, the 
lower part of which are made of steel plates supported on angle irons 
as shown. Inside of these low walls are steam coils AA, through 
which steam is circulated so as to dry and thaw out any excessively 
damp or frozen sand which may be received in bad weather. The 
upper part of the wall between the bins is simply composed of I- 
beams bolted one on top of the other. In a case of this kind the sand 
can be handled into the bins and from there to the foundry by means 
of a grab bucket operated by means of an electric crane. 
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196 For smaller plants some conveyor system is advantageous, 
the sand being conveyed from the bins to the mixing machinery by 
means of a belt conveyor. Where the cores are made by hand the 
core sand can be delivered to the operators’ benches either by means 
of boxes carried on trucks or supported from overhead trolleys, or 
by a conveyor system, but in most cases the latter is more compli- 
cated, and for this reason not desirable. Another objection to it 
is that in most plants several core mixtures are in use and in some 
cases the same operator may work on different mixtures during dif- 
ferent parts of the day. For moderate sized plants working only 
from four to ten bench coremakers, a mill of the Wadsworth type, that 
is, a small mixing and compounding mill with small rollers gives 
excellent results. The centrifugal core-mixing machine made by 
William Sellers & Company, Inc., of Philadelphia, has a larger capacity 
and is used in many plants. 

197 The experiments tried in the mixing of sands at different 
foundries indicate that for all sharp sand mixtures the sands should 
be thoroughly mixed but not ground, and for this reason a paddle 
mixer working on the principle of the ordinary pug mill used in brick 
manufacture is suitable. The Standard Sand and Machine Company 
of Cleveland, Ohio, were pioneers in the making of this class of ma- 
chinery and have developed combination paddle mixing and grinding 
machines suitable for various core mixtures and various capacities. 
In any case the plant should be equipped with some kind of mixing 
machinery, for hand mixing is not only expensive, but is not capable 
of uniform production and hence an excessive amount of binder 
would be used. 
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DISTRIBUTIONS SANS Soupapes, G. Richard. Revue de Mécanique, 
June 31, 1911. 21 pp., 68 figs. bf. 


Copies of letters of patents. Design and construction of piston valves for gas engines, valveless 
gas engines. 


Mises EN TRAIN ET CHANGEMENTS DE Marcue, G. Richard. Revue de 
Mécanique, July 31, 1911. 2} pp., 11 figs. Df. 


Copies of letters of patents. Design and construction of attachments to reverse the revolution of 
gas engines. 


——R&saiaces. Revue de Mécanique, July 31, 1911. 7 pp., 24 figs. bf. 


Copies of letters of patents, articles from technical press. Design and construction of admission 
valves, mixing chambers for gas engines. 


DIsTRIBUTION PAR SoupaPes. Revue de Mécanique, July 31, 1911. 
9 pp., 33 figs. ObfA. 


Copies of letters of patents, articles from technical press. Design and construction of exhaust 
and admission valves for gas and gasolene motors. 





GAS POWER SECTION 


Pistons. Revue de Mécanique, July $1, 1911. 1 pp., 3 figs. bf. 
From Engineering, December 1910. Design and construction of gas engine pistons. 
——InsecTIon D’Eavu. Revue de Mécanique, July 31,1911. 2pp.,4 figs. bf. 


From Engineering Laboratory (Cambridge). Design and construction of a gas engine (Hopkin- 
son) with water injection into the cylinder. 


Moror Boar ror Cutna, CommerciaL. Engineering, August 11, 1911. 1} pp. 
5 figs. 06. 


Machinery consists of a 6-cycle 45-h.p., 800-r.p.m., Djinn petroleum engine. 
OELMASCHINE, DIE NEUBRE ENTWICKLUNG DER ORTFESTEN, A. Nagel. Zeit, 
schrift des Vereines deutscher Ingenieure, August 12,1911. 26} pp., 78 figs., 
3 tables, 67 curves. bdf. 


An exhaustive and very interesting article on the later development of the stationary oil engine. 


PIEDRA DE CAL EN LA Propucci6Nn DEL Gas, La. El Comercio, June 16, 1911. 
1 
12 P- 


Brief reference to certain experiments at Pittsburgh on using a mixture of coke and limestone ina 
gas producer. 


RatbwaYy Motor Car, Petrout-Exvectricat. The Engineer (London), August 
4, 1911. 2 pp. 5 figs. bfB. 


Interesting in that it describes the Thomas system of transmission, which claims that at any time 
not more than one-third of the power is electrically transmitted. 


Rowoet Mortoren, Nevers, Ch. Pohlmann. Dinglers Polytechniches Journal, 
July 8, 22, 1911. 10 pp., 7 figs. Of. 


Describes new types of crude oil engines. 


ScHIFFS-SAUGGASMASCHINE DES EMPIRE O1L SyNpDIcATE, LONDON, EINE DopP- 


PELTWIRKENDE. Dinglers Polytechnisches Journal, August 12,1911. 3 pp. 
4 figs. B. 


Describes the construction of a 2-cycle suction gas engine with 3 double-acting cylinders. 


ScHUTZE DER Gas UND WASSERROHREN GEGEN SCHADLICHE EINWIRKUNGEN 
DER STROME ELEKTRISCHER GLEICHSTROMBAHNEN, DIE DIE SCHIENEN 
ALS LEITER BENUTZEN. Journal fiir Gas und Wasserversorgung, June 10, 
1911. 8pp.,2 figs. fA. 


From Verein deutscher Gas und Wasser Fachminner. Laws and regulations for the protection of 
gas and water pipes against the deteriorating influence of the electric current. Direct current for 
surface car using the rails as a leader for the current. 
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STEIGERUNG DER SPEZIFISCHEN LEISTUNG VON VIERTAKT-GASMASCHINEN MIT 
Druck.uFrtsPiLtune, W. Hellmann. Zeitschrift des Vereines deutscher 
Ingenieure, July 29 and August 6, 1911. 11 pp., 14 figs., 3 tables, 6 curves. 
bef. 


On the increased efficiency of 4-cycle gas engines using compressed air rinsing. Also extracted in 
Stahl und Eisen, August 10, 1911. 


TURBINE PRoBLEM, A SuGGESTED SOLUTION oF THE Gas., B. H. Blaisdell. 
Power, September 5, 1911. 2 pp., 1 fig., 1 table. c. 


Describes a combustion chamber which fills with the combustible mixture before ignition, and 
when combustion occurs it is so rapid as to be practically an explosion. 


VALVE FOR LARGE ENGINES, Precision Mrxina. Engineering, September 1, 
1911. 1p., 2 figs. 0b. 








GENERAL NOTES 
NEW ENGLAND WATER WORKS ASSOCIATION 


The annual convention of the New England Water Works Association was 
held at Gloucester, Mass., September 13-15, 1911, with headquarters at the 
Hawthorne Inn. The following papers were presented and discussed: Coming 
Efficiency in Water Works Management, W. H. Richards; The Filtration of 
Salt Water, R. 8. Weston; Hudson River Crossing of the Catskill Aqueduct, 
Robert Ridgway; A Short Account of Some Purification Experiments with a 
Surface Water in Queenland, Australia, Hardolph Wasteneys; Organization and 
Efficiency; E. M. Peck; Protection of Steel Pipes in the Catskill Aqueduct. 


INTERNATIONAL CONGRESS OF THE APPLICATIONS OF ELECTRICITY 


An International Congress of the Applications of Electricity was held at 
Turin, Italy, September 9-20, 1911, on the initiative and under the auspices of 
the Italian Electrotechnical Association and of the Italian Electrotechnical 
Committee, during the period of the International Exhibition of Industry and 
Labor. Among the subjects presented for discussion were: Electrical and me- 
chanical characteristics of modern electric generators, with special reference to 
very high-speed machines, Underground high tension networks in metallic 
connection with overhead lines; The problem of frequency transformation; 
Overhead line construction for electric railways; Rational methods of commer- 
cial measurement of electric power; Automatic telephone exchanges as a means 
of economy and improvement in telephonic communication in large cities; Dis- 
tribution of electric power for agricultural purposes. 


INSTITUTE OF OPERATING ENGINEERS 


The first annual meeting of the Institute of Operating Engineers was held 
in the Engineering Societies Building, New York, September 1-3, 1911. Short 
addresses were made by the following: F. R. Low, Mem. Am. Soc. M. E., The 
Operating Engineer’s Future; D. B. Heilman, The Engineer’s Place in the Com- 
munity; A. C. Dougall, The Employer and the Engineer; James A. Pratt, 
Mem. Am. Soc. M. E., A Method of Teaching Operating Engineering; also by 
W. D. Ennis, Mem. Am. Soc. M. E., and F. H. Sykes. The following papers 
were presented for discussion: Temperature Changes and Heat Transmission, 
V. P. Rupp; A Boiler Room Analysis of Coal, J. P. Fleming; Cooling Towers 
vs. Steam Pumps, H. B. Geare; Engine Lubrication, R. D. Tomlison; Reduction 
of Lubricating Costs in Smelter Power Plants, G. L. Fales; Removing Emulsi- 
fied Oil from Condensed Water, Darrow Sage. 


1287 





GENERAL NOTES 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


A paper by G. B. Francis and J. H. O’Brien on The New York Tunnel Exten- 
sion of the Pennsylvania Railroad: Certain Engineering Structures of the New 
York Terminal Area, was presented at the opening meeting of the season of 
1911-1912 of the American Society of Civil Engineers in New York, September 
6. Mule-Back Reconnaisances and Economics Canal Location in Uniform 
Countries was presented for discussion at the September 20 meeting. 


AMERICAN PEAT SOCIETY 


The annual meeting of the American Peat Society was held at Kalamazoo, 
Mich., September 21-23, 1911. The papers described the Canadian Govern- 
ment fuel plant at Alfred and those interested inspected a peat fuel plant in 
operation. The work of draining 300,000 acres of swamp land in North Caro- 
lina was also described in a paper by Joseph H. Pratt. 


ROADMASTERS’ AND MAINTENANCE OF WAY ASSOCIATION 


The annual convention of the Roadmasters’ and Maintenance of Way Asso- 
ciation was held at the Southern Hotel, St. Louis, Mo., September 12-15, 1911. 
The subjects for committee reports were as follows: Use of manganese steel 
for frog, switches and crossings; Is it economy to use soft ties for track and at 
switches; How to remedy soft spots in roadbed; Motor cars for section work; 
Concrete and steel ties; Treated wood ties; Emergency stock of tools; New ap- 
pliances for track and maintenance work. 


AMERICAN ASSOCIATION FOR LABOR LEGISLATION 


A conference was held under the auspices of the American Society for Labor 
Legislation at the Auditorium Hotel, Chicago, Ill., September 15-16, 1911. One 
of the subjects was the Standardization for Accident Prevention in which the 
following took part: John Calder, Mem. Am. Soc. M. E., on Scientific Accident 
Prevention; Edgar T. Davis, Safety Standards through State Inspection; 
Robert J. Young, Practical Safety Devices. This was followed by discussions 
on Administration by Commissions, Uniform Accident Reports, Administra- 
tion of Workmen’s Compensation Acts. A business meeting of the general 
administrative council of the association for the discussion of an immediate 
legislative program closed the conference and was as follows: (a) Prohibition 
of poisonous phosphorus in the manufacture of matches; (b) Investigation of 
occupational diseases; (c) Reporting of industria: accidents and injuries; 
(d) Enforcement of labor laws. A special feature of all the sessions was ex- 
hibits of photographs and charts illustrating the topics discussed. 





PERSONALS 


Charles U. Carpenter, formerly president of the Herring-Hall-Marvin Safe 
Co., Hamilton, O., has been elected president of the Fire-Proof Furniture and 
Construction Co., Miamisburg, O., and vice-president of the Republic Motor 
Car Co., Hamilton, O. R 


Henry R. Cornelius who was connected with the Souzhward Foundry, and 
Wisconsin Engine Companies, in the capacity of sales manager, has accepted 
a similar position with the Mesta Machine Co., Pittsburgh, Pa. 


Charles I. Corp has been appointed associate professor of mechanical engi- 
neering, University of Kansas, Lawrence, Kan. 


Ed. G. BuBarry has accepted a position with the Minneapolis Steel and Ma- 
chinery Co., Minneapolis, Minn. He was formerly identified with the Duquesne 
Steel Works, Duquesne, Pa., in the capacity of draftsman. 


Walter B. Gump has been placed at the head of the electrical school which 
has been started by the Young Men’s Christian Association at Los Angeles, 
Cal. 


Edwin M. Herr, who since 1905 has been vice-president in active charge of 
the manufacturing and commercial operations of the Westinghouse Electric 
& Manufacturing Co., was elected permanent president of the corporation. 


Winslow H. Herschel has been appointed assistant professor of mechanical 
engineering, University of Maine, Orono, Me. 


James D. Hoffman, formerly professor of engineering design of Purdue Uni- 
versity, Lafayette, Ind., has become connected with the University of Ne- 
braska, Lincoln, Neb. 


O. P. Hood, head of the departments of mechanical and electrical engineering 
of the Michigan College of Mines, Houghton, Mich., has accepted an appoint- 
ment as chief mechanical engineer of the United States Bureau of Mines, and 
will make his headquarters in Pittsburgh, Pa. 


John H. Kelman has become identified with the Witherbee Igniter Co., 
Springfield, Mass. Mr. Kelman was formerly superintendent of construction 
of the National Electric Signaling Co., Brant Rock, Mass. 


James Lyman has become associated with Sargent & Lundy, Chicago, IIle 


He was until recently district engineer of the General Electric Co., Chicago, 
Ill. 
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Horace J. Macintire has been appointed instructor of mechanical engineer- 
ing, Carnegie Technical Schools, Pittsburgh, Pa. He was formerly instructor 
in the engineering department of Harvard University, Cambridge, Mass. 


F. M. Marquis, formerly associated with the railway engineering department 
of the University of Illinois, Urbana, IIl., has accepted a position in the turbine 
research department of the General Electric Co., West Lynn, Mass. 


Robert F. Massa has entered the service of H. W. Johns-Manville Co., New 
York. He was formerly associated with the Creamery Package Manufactur- 
ing Co., Albany, N. Y. 


J. E. Powell of Washington, D. C., has resigned his position of chief mechan- 
ical and electrical engineer in the office of the supervising architect, Treasury 
Department. Mr. Powell’s resignation was due to ill health. 


H. F. J. Porter has been appointed expert adviser on fire prevention to the 
Factory Investigation Commission appointed by the New York State Legisla- 
ture, as a result of the Asch building fire in January last. 


Manning E. Rupp has accepted a position as mechanical engineer with 
Stanley G. Flagg & Co., Philadelphia, Pa. Mr. Rupp was formerly in the 
department of construction and engineering of the Isthmian Canal Commission, 
at Panama and later associated with John W. King, consulting engineer, 
New York. 


Walter G. Scott has assumed the duties of factory manager and production 
engineer with the Jenkins Motor Car Co., Rochester, N. Y. He was until 
recently connected with the Cyclone Drill Co., Orville, O., in the capacity 
of production engineer and systematizer. 


Harry E. Smith has been appointed assistant professor of mechanical engi- 
neering of the Agricultural and Mechanical College of Texas, College Station, 
Tex. Mr. Smith was formerly professor of mechanical engineering of the 
James Milliken University, Decatur, IIl. 


Charles E. Torrance, formerly instructor of experimental engineering, Sibley 
College, Cornell University, Ithaca, N. Y., has become associated with the 
Northampton Emery Wheel Co., Leeds, Mass. - 


K. O. Truell has entered the service of the Virginia Portland Cement Co., 
Fordwick, Va. He was until recently associated with the Colloseus Cement 
Co., New York. 


Geo. L. Watson has resigned as chief engineer of the United Paving Co., 
Atlantic City, N. J., and as superintendent for Lockwood & Cherry of the same 
city, and has opened an office as consulting civil engineer in the Land Title 
Building, Philadelphia, Pa. 


Burt C. Wear has entered the employ of the Youngstown Sheet and Tube 
Co., Youngstown, O. He was formerly connected with the Steel Roof Truss 
Co., St. Louis, Mo. 


W. H. Whiteside, formerly president of the Allis-Chalmers Co., Milwaukee, 
Wis., was elected president of the Stevens-Duryea Automobile Co. of Chicopee 
Falls, Mass. 





ACCESSIONS TO THE LIBRARY 


Wit CoMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Lists of accessions to the librar- 
ies —— ‘ Aw E. and A. I. M. E. can be secured on request from Calvin W. Rice, Secretary, 
Am. Soc. M. E. 


ARCHITECTURE, ENGINEERING AND THE BUILDING Law, D.H. Ray. (Reprinted 
from School of Mines Quarterly, vol. 32, no. 4). Gift of the author. 

AUTOMOBILE ENGINEERING 1911. Annual. London, 1911. 

BERECHNEN UND ENTWERFEN DER SCHIFFSKESSEL. Hugo Buchholz and Hans 
Dieckhoff. Berlin, 1910. 

BuREAU OF Rattway Economics. Capitalization and Dividends of the Rail- 
ways of Texas, 1909. Bull. no. 18. Washington, 1911. 

———Comparative statement of physical valuation and capitalization. Wash- 
ington, 1911. 

———Conflict between federal and state regulation of the railways. Bull. 

no. 15. Washington, 1911. 
—Railway wage increases for the year ending June 30, 1911. Retrench- 
ment in the Railway Labor force in 1911. Bull. no. 17. Washington, 1911. 
-—Summary of revenues and expenses of steam roads in the United States 
for May 1911. Bull. no. 16. Washington, 1911. Gift of the bureau. 

Dir DAMPFTURBINEN, A. Stodola. Ed. 4. Berlin, 1910. 

INTWERFEN UND BERECHNEN DER DAMPFMASCHINEN, H. Dubbel. Ed. 3. 
Berlin, 1910. 

FLIES AND MosquIToEs AS CARRIERS OF DisEAsE, W. P. Gerhard. New York, 
1911. Gift of the author. 

CONFERENCE FAITE AL’AERO-CLUB DE FRANCE LA 27 Mar1911 sur LA REsIs- 
TANCE DE L’ArR ET L’AviaTION, G. Eiffel. (Extrait del’Aerophile. June 
15, 1911.) Paris, 1911. Gift of the author. 

GOVERNMENT Contracts. The decision of the Boston Dry Dock Case. (Re- 
printed from Engineering Record, March 11, 1911). Washington. Gift of 
Messrs. King and King. 

HaNDBUCH UBER TRIEBWAGEN FUR EISENBAHNEN, C. Guillery. Muinchen, 
1908. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY AND CiTy AND GUILDS OF 
Lonpon Institute. Calendar of the Imperial College (Engineering). 
Pt. 4, 1911. London, 1911. Gift of the college. 

INDIKATOR UND SEINE HILFSEINRICHTUNGEN, Anton Staus. Berlin, 1911. 

INSTITUTION OF Civ1L ENGINEERS. Report of the Conference held June 28, 
29, 1911. Education and Training of Engineers. (Reprinted from The 
Times, July 5, 1911). London, 19/1. 

INTERNATIONAL RAILWAY Fugt Association. Proceedings of the 3d annual 
convention. Chattanooga, 1911. Gift of the association. 
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KonpDEnsaATION, F. J. Weiss. Ed. 2. Berlin, 1910. 

KONDENSATION DER DAMPFMASCHINEN UND DAMPFTURBINEN, Karl Schmidt. 
Berlin, 1910. 

LovIsIANA STaTE UNiversity. Announcement of the College of Engineering 
for 1911-1912. Baton Rouge, 1911. Gift of the university. 

McGiuu University, Montreat. Announcement of the Faculty of Applied 
Science, 1911-1912. Montreal, 1911. Gift of the university. 

MARINE ENGINEER. Vol. 23, nos. 271-276; vol. 24, nos. 277-284; vol. 25,nos. 
292-300; vols. 26-32. London, 1901-1910. Gift of T. J. Smith. 

MASSACHUSETTS BoAaRD oF RAILROAD CoMMISSIONERS. 39th Annual Report, 
1907. Boston, 1908. Gift of the board. 

Monrauy OrriciaL Rattway List. August 1911. New York, 1911. Gift of 
the Railway List Company. 

MunicipaL ENGINEERS OF THE City or New York. Proceedings,1910. New 
York, 1911. Gift of the Municipal Engineers of the City of New York 

New York City DePparRTMENT or Docks AND Frerrizes. Report on Physical 
Characteristics of European Seaports, 1911. New York, 1911. Gift of the 
Commissioner of Docks. 

THe RupperR. Vols. 12-15. New York, 1901-1904. Gift of T. J. Smith. 

TEsTING or ENGINES, BorLers AND AUXILIARY Macuinery, W. W. F. Pullen. 
Ed. 2. Manchester, Scientific Publishing Co., 1911. 

The first e lition of this work was published in 1900. The progress of engineering since that time has 
necessitated an almost entire re-writing of the text, and the addition of a large number of illustrations. 
The volume is devoted to methods and apparatus, no references being given to tests which have been 
made. The last chapter treats of the methods of testing internal-combustion engines. Frequent 
acknowledgment is made of indebtedness to the publications of The American Society of Mechanical 
Engineers for descriptions of testing methods. 

Diz THEORIE DER WASSERTURBINEN, Rudolf Eacher. Berlin, 1908. 

TRAVELING ENGINEERS’ AssociaATION. Committee Reports and Subjects for 
Discussion. 19th Annual Meeting, 1911. Gift of the association. 

WERKSTATT-BETRIEB UND ORGANISATION MIT BESONDEREM BEzuG AUF WERK- 
sTATT-BucHFriurunea, P. R. Grimshaw. Ed. 3. Hannover, 1908. 

Wor.tp Trave Directory FOR THE PROMOTION OF AMERICAN Export TRADE. 
1911. Washington, 1911. 


EXCHANGES 


AMERICAN Society or Civit ENneineers. Transactions, vol. 73. New York, 
1911. 

AMERICAN Society or HEATING AND VENTILATING ENGINEERS. Transactions, 
vol. 15. New York, 1909. 

INSTITUTION OF CiviL ENGINEERS. Minutes of Proceedings, vol. 184. London, 
1911. 

WesTERN Society or Enaineers. Constitution, List of Members and Officers, 
1911. Chicago, 1911. 


UNITED ENGINEERING SOCIETY 


RHODESIA CHAMBER OF Mings. 16th Annual Report, 1910. Cape Town, 1911. 
Gift of the Rhodesia Chamber of Mines. 
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TRADE CATALOGUES 


BUTTERFIELD & Co., Derby Line, Vt. Taps, screw plates, reamers, discs and 
tools, 96 pp. 

CuTLeER-HAMMER Co., Milwaukee, Wis. The Thomas meter for recording the 
quantity of flow of gases, 32 pp. 

Duncan Etec. Mra. Co., Lafayette, Ind. Bull. no. 20, Duncan direct-current 
watt-hour meter, 24 pp. 

GENERAL Exvectric Co., Schenectady, N. Y. Bull. no. 4802, Type H trans- 
former, 16 pp.; Bull. no. 4818, Couplings, 9 pp.; Bull. no. 4829, Electric 
locomotives for industrial railways, 17 pp. ; Bull. no. 4382 Commutating pole 
generators, 6 pp.; Bull. no. 4835, Electrically driven pumps, 18 pp.; Bull. 
no. 4836, General Electric steam flow meter, 16 pp.; Bull. no. 4845, Curtis 
steam turbine generators of 100-1000 kw. capacity at 3600 r.p.m., 15 pp.; 
Bull. no. 4846, Alternating-current switchboard panels, 18 pp.; Bull. no. 
4847, Belt-driven alternators, form B, 5 pp.; Bull. no. 4848, Automobile 
instruments, 3 pp.; Bull. no. 4849, Motor-generator sets, 19 pp.; Bull. no. 
4850, Edison Mazda lamps, 26 pp.; Bull. no. 4851, Electricity in the service 
of steam railroads, 47 pp.; Bull. no. 4852, 50-ton electric locomotives, 11 
pp.; Bull. no. 4853, Electric are headlights, 14 pp.; Bull. no. 4855, Gas- 
electric motor car, 29 pp.; Bull. no. 4856, U. S. 13 roller-bearing trolley 
bases, 3 pp.; 4 stereofotos of electrical instruments, 4 pp.; Bull. no. 4863, 
Metallized filament lamps, 9 pp.; Bull. no. 4866, Thompson horizontal 
edgewise instruments for switchboard service, 15 pp.; Bull. no. 4867, Elec- 
tric locomotives of 25-ton type, 15 pp.; Bull. no. 4870, 100-ton electric loco- 
motives 18 pp.; Bull. no. 4872, Transformer, oil dryer and purifier, 9 pp. ; 
Bull. nos. 4837-4842, Infolder of circuit brakes of various types, 147 pp. 

Goutps Mrs. Co., Seneca Falls, N. Y. Bull. no. 105, Single-stage suction cen- 
trifugal pump, 16 pp. 

Hess-Bricut Mra. Co., Philadelphia, Pa. Index cards for the Hess-Bright 
ball bearing data sheets, 10 cards. 

VULCANITE PoRTLAND CEMENT Co., Philadelphia, Pa. Concrete in the country 
112 pp.; Hair cracks or crazing on cement surfaces, 8 pp.; Suggestions on 
cement sidewalk paving, 32 pp.; Reinforced concrete for houses, 26 pp.; 
Concrete surface finishes, 12 pp. 





EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who 
are capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


0117 Wanted by Ohio company building stationary engines, an energetic 
and competent engineer to take charge of the shop as superintendent. Must 
be familiar with modern methods of turning out work and able to put them into 
practice. Good opportunity for right party. 


0118 Mechanical engineer, college graduate, three years’ experience or more 
in general industrial plant engineering, machine and building design, concrete 


and steel construction. State salary, age and qualifications. Location within 
75 miles of New York. No one who can not make good need apply. 


0119 Three or four men for selling end, principally in vicinity of Boston, 
Chicago and Saint Louis; must have had actual engineering experience around 
steam plants as well as selling. 


0120 Designer for automobile bodies. Salary $25 week tostart. Communi- 
sate directly with Employment Bureau, Pierce-Arrow Motor Car Co., Buffalo, 
= Bs 


0121 Master mechanic capable of handling repair department of finishing 
works. Must be first-class executive, good disciplinarian and able to turn out 
the work at minimum cost; only thoroughly equipped and experienced man need 
apply. State fully, qualifications, experience, age and salary desired. 


MEN AVAILABLE 


280 Member, extensive experience as superintendent and works manager 
desires position with machine shop, foundry, etc., making engines, turbines, 
pumps, air compressors or similar lines. 


281 Member, 20 years’ experience in engineering educational work, includ- 
ing shops, drafting, lectures, laboratory and administration, with special refer- 
ence to mechanics, steam, hydraulic and industrial engineering and power 
plants; open for engagement at close of present term of contract. 
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282 Student member, mechanical engineer, at present employed as chief 
draftsman, desires position with consulting engineer. Four years’ drafting 
experience in automatic, conveying, automobile and clay-working machinery, 
also plant design and some civil engineering. Good references. 


283 Associate member, 20 years’ experience selling machinery, wishes to 
represent manufacturer whose product is marketable in southern California. 


284 Chief draftsman on steam design of power stations desires position with 
firm of consultingengineers. Experience in designing, construction, inspection 
and testing. Age 29 years. 


285 Mechanical engineer, graduate Mass. Inst. Tech., eight years’ exper- 
ience in designing and manufacturing feed-water heaters, coiled and bent pipe, 
also several years’ experience in manufacture and sale of radiators and sheet 
metal parts for automobiles. 


286 Competent commercial engineer, age 35, Member, at present engaged 
as manager of industrial plant, desires new connection; experienced organizer 
and systematizer; 14 years’ experience embracing mechanical, electrical, hydrau- 
lic and gas engineering. Successively and successfully held positions of assis- 
tant superintendent, superintendent, general superintendent and manager of 
industrial plants. 


287 Graduate of Cornell. Twenty-five years’ broad experience in manu- 
facturing and steam engineering, including design, installation and contract- 
ing for power and heating plants. 


288 Junior, would like to connect with manufacturing company as superin- 
tendent or assistant of plant, being responsible for up-keep, design and con- 
struction of additions or changes, or position with contracting engineer with 
an opportunity to form partnership. 


289 Member, technical education and training, 12 years’ experience, ma- 
chine, mill, and power-house design, inspecting, estimating, corresponding, 
office work, etc. Desires change of position. 


290 Associate, technical graduate, 12 years’ wide and general experience 
designing and constructing factory and miscellaneous railway buildings, 
power and industrial plants. Familiar with street railway engineering work. 
Location preferably New York or vicinity. 


291 Member, technical graduate, present position factory superintendent, 
desires to make a change; prefers East or Middle West. Twelve vears’ super- 
vision of work, thoroughly familiar with locomotive construction and design, 
some experience with gas engine and general machine work. Familiar with 
modern shop organization, piece work and bonus systems. 


292 Associate, desires to locate in the East, preferably near Philadelphia or 
New York. Fifteen years’ experience as draftsman, squad foreman and 
checker, on blast furnaces, steel, rolling, pipe and tube mills, coke ovens and 
chemical apparatus. 
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293 Mechanical engineer, nine years’ varied experience along mechanical 
and electro-metallurgical lines, associated with steel mills and structural 
works, also gas and electric furnace work, in capacities of supervision and trust, 
desires association with production or the engineering department of some 
reliable company, preferably in the vicinity of Philadelphia or New York. 


294 Member, wide experience in design and manufacture of power plants; 
successfully developed sales organization, desires to meet considerable concern 
in the engineering field on strictly result basis, preferably to represent them in 
New York and develop their export possibilities. Good connection abroad and 
conversant with principal languages. 


295 Associate, 35, graduate Mass. Inst. Tech., experienced in design an 
erection of special machinery and hoisting and material handling machinery, 
both with manufacturers and with large coal mining company. 


296 Junior, experience in drafting room, construction and engineering office 
work in connection with power and industrial plant installations, desires to 
make a change. , 


297 Cornell graduate, ten years’ practical experience in factory superintend- 
ence and maintenance, building construction, including reinforced concrete, 
and the installation and operation of power plant and factory machinery. 
Desires position with consulting or contracting engineers, or as executive engi- 
neer in manufacturing concern. 


298 Member, technical graduate, 30 years’ experience as machinist, tool- 


maker, designer and chief draftsman, mostly on improvement and design of 
manufacturing machinery, desires position as shop engineer or chief draftsman. 


299 Member, owning basic patents, desires to offer his services in connection 


with the building and leasing of road paving machines of exceptional efficiency 
and corresponding economy. 





CHANGES IN MEMBERSHIP 


CHANGES IN ADDRESS 


ABORN, George P. (1889; 1892), Mgr., Blake & Knowles Steam Pump Wks., 
East Cambridge, and for mail, 50 Garrison Rd., Brookline, Mass. 

BENDIT, Louis (Associate, 1905) Mgr. West. Office, The Hope Engrg. & Supply 
Co., 504 N. Y. Life Bldg., Kansas City, and for mail, 134 W. Sea Ave., In- 
dependence, Mo. 

BENNETT, Joseph A. (1907), Ch. Engr., Studebaker Bros. Mfg. Co., and for 
mail, 902 Riverside Drive, South Bend, Ind. 

BERRYMAN, Wilson G. (Junior, 1905), Engr., Combustion Utilities Corp., 
60 Wall St., New York, and for mail, 40 Murray St., Flushing, N. Y. 

BRECKENRIDGE, C. E. (Associate, 1904), 232 State St., Flushing, N. Y. 

BURGESS, Chas. Munroe (1897), Life Member; Galena, Kan. 

CARPENTER, Charles U. (1907), Pres., Fire-Proof Furniture & Constr. Co., 
Miamisburg, and V. P., The Republic Motor Car Co., Hamilton, O. 

CHACE, William W. (1908), Mech. Engr., Cleveland Twist Drill Co., Cleve- 
land, and for mail, Beachland, Nottingham, O. 

CLARK, Frank §S. (Associate, 1909), Asst. Engr., Ohio Elec. Ry. Co., Spring- 
field, O. 

CLAYTON, J. Paul (Junior, 1911), 205 W. Hill St., Champaign, Il. 

COOK, Harry Hall (Junior, 1910), Ch. Engr., Coffin Valve Co., Boston, and 
for mail, 44 Massachusetts Ave., Springfield, Mass. 

COOLEY, Hugh Nelson (Associate, 1910), 3414 Cedar St., Milwaukee, Wis. 

CORP, Charles I. (Junior, 1904), Assoc. Prof. Mech. Engrg., Univ. of Kan. 
Engrg. Bldg., Lawrence, Kan. 

CREELMAN, Frank (1894), The St. Agnes, Convent Ave., and 130th St., New 
York, N. Y. 
DOOLITTLE, Harold Lukens (Junior, 1910), Ch. Designer, So. Cal. Edison 
Co., Los Angeles, and for mail, 127 N. Catalina Ave., Pasadena, Cal. 
DOWNES, Nate Worswic (Junior, 1911), Ch. Draftsman, J. H. Brady, Cons. 
Engr. and Ch. Engr., Kansas City Sch. Dist., and for mail, Rm. J, Public 
Library, Kansas City, Mo. 

DU BARRY, Ed. G. (Junior, 1910), Minneapolis Steel & Mchy. Co., and for 
mail, 2731 12th Ave., S., Minneapolis, Minn. 

FLICKINGER, Harrison William (Junior, 1911), St. James Park, Dawson, Pa. 

FREDERICK, Floyd W. (1907), Mech., Engr. Natl. Bd. of Fire Underwriters, 
135 William St., New York, N. Y., and for mail, 315 S. 2d St., Bangor, Pa. 

GATH, Andrew L. (Associate, 1906), Pres., Gath Mch. Tool Co., 61 Terrace, 
and for mail, 354 Franklin St., Buffalo, N. Y. 

GREEN, John Stevenson (Junior, 1909), Eddystone Dept., Baldwin Loco. 
Wks., Philadelphia, and for mail, Box 171, Moore, Delaware Co., Pa. 
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HALL, Robert E. (1898; 1905), V. P. and Treas., The Goulds Mfg. Co., 58 Pear! 
St., Boston, and 1558 Beacon St., Waban, Mass. 

HERR, Edwin M. (1891), Vice-President, 1911-1913; Pres., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, and for mail, 140 Hutchinson Ave., 
Edgewood Park, Pittsburgh, Pa. 

HERSCHEL, Winslow Hobart (1910), Assst. Prof. Mech. Engrg., Univ. of Me., 
Orono, Me. 

HOFFMAN, James David (1894; 1903), Univ. of Neb., Lincoln, Neb. 

HONSBERG, August A. (1901), Engrg. Dept., East Ohio Gas Co., and for mail, 
Sta. B, Box 54; also, 5 Euclid Windsor PI., Cleveland, O. 

HOOD, Ozni Porter (1904), Ch. Mech. Engr., U. S. Bureau of Mines, 40th and 
Butler Sts., and for mail, Old Heidelberg Cottage No. 4, Braddock Ave. 
and Waverly St., Pittsburgh, Pa. 

JACKSON, Dugald C. (1890), 84 State St., and Mass. Inst. of Tech., Boston, 
Mass.; also, D. C. & Wm. B. Jackson, 111 W. Monroe St., Chicago, IIl. 
JACOBI, Albert W. (1885), Life Member; Cons. Engr., 192 Market St., and 20 

Fabyan Pl., Newark, N. J. 

JOHNSON, Bradley S. (Associate, 1909), Rep., The T. H. Symington Co., 623 
Peoples Gas Bldg., Chicago, IIl. 

JONES, John Emlyn (1907), Engineers Club, 32 W. 40th St., New York, N. Y. 

KELMAN, John H. (1904), Witherbee Igniter Co., Springfield, Mass. 

LAND, Frank (1900), Secy. and Treas., Land-Wharton Co., 912 Pa. Bldg., 
Philadelphia, Pa., and for mail, care of Mrs. C. L. Land, 205 W. 57th St., 
New York, N. Y. 

LAPE, Willard E. (1890), Mech. Engr., 5 Cleveland Terrace, East Orange, N. J. 

LEACH, William H., Jr. (1905), Crow Point, Hingham, Mass. 

LEIGHTON, Edward I. (1892), V. P., The Cleveland Mch. & Mfg. Co., 4946 
Hamilton Ave., and for mail, 1183 East Blvd., Cleveland, O. 

LIBBY, Malcolm M. (1902; 1905; 1909), Canadian Fairbanks Co., 28 W. Front 
St., and for mail, 786 Keele St., Toronto, Ont., Canada. 

LYMAN, James (1899), Sargent & Lundy, cor. Jackson and Michigan Blvds., 
Chicago, and 1308 Maple Ave., Evanston, IIl. 

MACINTIRE, Horace Jas. (Junior, 1907), Instr. Mech. Engrg., Carnegie 
Tech. Schs., Pittsburgh, Pa. 

MARQUIS, Franklin Wales (Junior, 1908), Turbine Research Dept., Genl.,- 
Elec. Co., West Lynn, and for mail, 173 N. Common St., Lynn, Mass. 
MASSA, Robert F. (1904), H. W. Johns-Manville Co., 100 William St., New 

York, N. Y. 

MAYHEW, Ray (Associate, 1910), Asst. Ch. Draftsman Mech. Dept., Minn- 
eapolis Steel & Mchy. Co., and for mail, 4500 36th Ave., S., Minneapolis 
Minn. 

MEYER, C. Louis (Junior, 1909), Engr. and Sales Agt., Trussed Concrete 
Steel Co., 604 Wilson Bldg., Dallas, Tex. 

MURRAY, Warren Edwards (1910), Ch. Engr., West. Sugar Refining Co., 23d 
and Louisiana Sts., San Francisco, Cal. 

NEWBURY, George K. (Junior, 1904), 1514 S. 12th St., Harrisburg, Pa. 

ORD, Henry C. (1905), Ch. Draftsman Mech. Dept., Dominion Bridge Co., 
Ltd., and for mail, 46 Bishop St., Montreal, P. Q., Canada. 

RANSOM, Allan (Associate, 1903), Beverly Hills, Los Angeles, Cal. 
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REILLY, Wm. J. (1901), Dist. Sales Mgr., The Babcock & Wilcox Co., 435 
17th St., and Shirley Hotel, Denver, Colo. 

RICHARDS, Chas. Russ (1892; 1901), Univ. of Ill., Urbana, IIl. 

RICHARDSON, George Edward (Associate, 1910), Genl. Elec. Co., Empire 
Bldg., Atlanta, Ga. 

ROBESON, Anthony Maurice (1895), Somerville Hotel, St. Aubins, Jersey 
Island, England. 

SALTZMAN, Auguste L. (1908), Asst. Ch. Engr., The Edison Cos., Edison 
Lab., Orange, and for mail, 53 Wilcox Ave., East Orange, N. J. 

SARENGAPANI, T. 8. (Junior, 1903), Head Draftsman, Pub. Wks. Dept., 
Madura, Madras, India. 

SCOTT, Charles Felton (1911), 284 Orange St., New Haven, Conn. 

SCOTT, Walter G. (Junior, 1909), Factory Mgr. and Production Engr., The 
Jenkins Motor Car Co., and 571 Park Ave., Rochester, N. Y. 
SEAWELL, Bert W. (Associate, 1907), 186 State St., Brooklyn, N. Y. 
SHAW, Arthur Derwood (Associate, 1905), Mgr., Francis Bros. & Jellett, 315 
N. 15th St., Philadelphia, and 246 W. Johnson St., Germantown, Pa. 
SHERMAN, W. D. (1907), Inventor, Cons. Engr., Arlington, Riverside Co., 
Cal. 

SHERWOOD, Mather W. (1909), 1406 Liberty St., Franklin, Pa. 

SMITH, Harry E. (1894; 1903), Asst. Prof. Mech. Engrg., Agri. and Mech. 
College of Tex., College Station, Tex. 

SPURLING, O. C. (1907), West. Elec. Co., Hawthorne Sta., Chicago, IIl. 

STEVENS, Alfred H. (1898; 1903), Engr. and Contr., 149 Broadway, New York, 
and for mail, 400 Ninth St., Brooklyn, N. Y. 

TORRANCE, Chas. Everett (Junior, 1909), Northampton Emery Wheel Co., 
Leeds, and for mail, 15 Forbes Ave., Northampton, Mass. 

TRUELL, Karl O. (Associate, 1905), Va. Portland Cement Co., Fordwick, Va. 

WATSON, George Linton (Junior, 1905), Cons. Civ. Engr., Engineers Club, 
Philadelphia, Pa. 

WEAR, Burt C. (Junior, 1905), Youngstown Sheet & Tube Co., and for mail, 
272 Arlington St., Youngstown, O. 


NEW MEMBERS 


COWGILL, Paul Everett (Junior, 1910), Instr. Engr. Dept., N. C. College of 
Agri. and Mech. Arts, West Raleigh, N. C. 

GORDON, Albert Anderson, Jr. (1911), Supt., Crompton & Knowles Loom 
Wks., Worcester, Mass. 

HOUCHIN, Ernest A. (1911), Pres., Houchin Aiken Co., 35-45 53d. St., Brooklyn, 
K. &. 

SAWYER, Luke Eugene (Junior, 1911), Apprentice, Babcock & Wilcox Co., 
and for mail, 137 Broadway, Bayonne, N. J. 

WILKIE, Donald Cook (1911), Supt. Engr., Linggi Plantations, Ltd., Serem- 
ban, Federated Malay States. 
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DEATHS 


CANNIFF, William Lester, August 29, 1911. 
CHRISTIE, James, August, 24, 1911. 
HOPTON, Lemuel Robert, September 5, 1911. 
McLAUGHLIN, James, August 18, 1911. 
STRANAHAN, O. A., September 8, 1911. 





COMING MEETINGS 


OcToBER-NOVEMBER 


Advance notices of annual and semi-annual meetings of engineering societies are regularly published 
under this heading and secretaries or members of societies whose meetings are of interest to engineers 
are invited to send such notices for publication. They should be in the editor’s hands by the 15th of 


the month preceding the meeting. When the titles of papers read at monthly meetings are furnished 
they will also be published. 


AMERICAN ELECTRIC RAILWAY ASSOCIATION 
October 9-13, annual convention, Atlantic City, N. J. Secy., H. C. Don- 
ecker, 29 W. 39th St., New York. 
AMERICAN GAS INSTITUTE 
October 18-20, annual convention, St. Louis, Mo. Secy., A. B. Beadle, 
f°] 29 W. 39th St., New York. 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
October 13, monthly meeting, 29 W. 39th St., New York. Secy., R. W. Pope. 
AMERICAN INSTITUTE OF MINING ENGINEERS 
October 10-17, annual convention, San Francisco, Cal., followed by trip to 
Japan. Secy., Joseph Struthers, 29 W. 39th St., New York. 
AMERICAN RAILWAY BRIDGE AND BUILDING ASSOCIATION 
October 17-19, annual convention, St. Louis, Mo. Secy., C. A. Lichty, 
C. & N. W. Ry., Chicago, Ill. 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
October 4 and 18, bi-monthly meetings, 220 W. 57th St., New York. Secy., 
C. W. Hunt. 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
Monthly Meetings: New York, October 9; Boston, October 18; New Ha- 
ven, November 15. Secy., Calvin W. Rice, 29 W. 39th St., New York. 
ASSOCIATION OF RAILWAY ELECTRICAL ENGINEERS 
November 6-10, annual convention, Chicago, Ill. Secy., J. A. Andreu- 
cetti, C. & N. W. Ry. 
LAKES-TO-THE-GULF DEEP WATERWAY ASSOCIATION 
October 12-14, annual convention, Chicago, Ill. Secy., Thos. H. Lovelace, 
Bank of Commerce Bldg., St. Louis, Mo. 
LEAGUE OF AMERICAN MUNICIPALITIES 
October 4-6, annual convention, Atlanta, Ga. Secy., John MacVicar, 
Dept. of Streets, Des Moines, Iowa. 
[RON AND STEEL INSTITUTE 
October 2-16, autumn meeting, Turin, Italy. Secy., G. C. Lloyd, 28 
Victoria St., London, 8. W., England. 
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NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS 
October 10, annual convention, Washington, D.C. Secy., Wm. H. Con- 
nolly. 

NATIONAL COMMERCIAL GAS ASSOCIATION 
October 23-28, annual convention, Denver, Colo. Secy., Louis Stotz, 
29 W. 39th St., New York. 

NATIONAL MACHINE TOOL BUILDERS ASSOCIATION . 
October 10-12, annual convention, New York. Secy., Chas. E. Hildreth, 
134 Gold St., Worcester, Mass. 

RAILWAY SIGNAL ASSOCIATION 
October 10-12, annual convention, Colorado Springs, Colo. Secy., C. C. 
Rosenberg, Bethlehem, Pa. 

SOUTHERN ASSOCIATION OF CAR SERVICE OFFICERS 
October 20, annual convention, Atlanta, Ga. Secy., E. W. Sandwich, 
A. & W. P. Ry., Montgomery, Ala. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
October 

5 Blue Room Engineering Society W. D. Sprague... .8.00 p.m. 
10 American Society of Mechanical Engineers... C. W. Rice........8.15 p.m. 
12 Illuminating Engineering Society P. 8. Millar....... 8.00 p.m. 
13 American Institute of Electrical Engineers....R. W. Pope....... 8.15 p.m. 
17 New York Telephone Society T. H. Lawrence. ..8.00 p.m. 
20 New York Railroad Club H. D. Vought... ..8.15 p.m. 
25 Municipal Engineers of New York C. D. Pollock... ..8.00 p.m. 
November 

2 Blue Room Engineering Society W. D. Sprague... .8.00 p.m. 

9 Illuminating Engineering Society P.S. Millar.......8.00 p.m. 

9 Institute of Operating Engineers H. Collins......... 8.00 p.m. 
10 American Institute of Electrical Engineers....R. W. Pope....... 8.00 p.m. 
13 American Society of Mechanical Engineers....C. W. Rice........ 8.00 p.m. 
16 American Society of Engineer Draftsmen H. L. Sloan.......8.00 p.m. 
16-17 Society of Naval Architects and Marine 

Engineers W. J. Baxter......All day 

17 New York Railroad Club H. D. Vought... ..8.15 p.m. 
21 New York Telephone Society T. H. Lawrence. ..8.00 p.m. 
22 Municipal Engineers of New York.............C. D. Pollock..... 8.00 p.m. 









OFFICERS AND COUNCIL 







President 
E. D. MEIER 








Vice-Presidents 


Terms expire 1911 Terms expire 1912 






CHARLES WHITING BAKER GEORGE M. BRILL 
W. F. M. GOSS E. M. HERR 
ALEX. C. HUMPHREYS H. H. VAUGHAN 









Managers 








Terms expire 1911 Terms expire 1912 Terms expire 1913 
H. L. GANTT H. G. STOTT D. F. CRAWFORD 
1. E. MOULTROP JAMES HARTNESS STANLEY G. FLAGG, JR. 
W. J. SANDO H. G. REIST E. B. KATTE 









Past-Presidents 


Members of the Council for 1911 
FRED. W. TAYLOR 


F. R. HUTTON 







M. L. HOLMAN 


JESSE M. SMITH 
GEORGE WESTINGHOUSE 








Chairman of the Finance Committee 


Honorary Secretary 
ROBERT M. DIXON 


F. R. HUTTON 











Treasurer Secretary 
WILLIAM H. WILEY CALVIN W. RICE 


EXECUTIVE COMMITTEE OF THE COUNCIL 


i. D. MEIER, Chmn. H. L. GANTT H. G. REIST 
C. W. BAKER, Vice-Chmn. F. R. HUTTON JESSE M. SMITH 


STANDING COMMITTEES 






















Finance Membership Research 
R. M. DIXON (2), Chmn. F. H. STILLMAN (1), Chmn. W.F.M. GOSS (3), Chmn. 
G. J. ROBERTS (1) G. J. FORAN (2) R. H. RICE (1) 
W. H. MARSHALL,(3) H. WEBSTER (3) R. D. MERSHON (2) 
H. L. DOHERTY (4) T. STEBBINS (4) R. C. CARPENTER (5) 
W. L. SAUNDERS (5) W. H. BOEHM (5) 
House Publication Meetings 
F. BLOSSOM (2), Chmn. H.F.J. PORTER (1),Chmn. L.R.POMEROY (1), Chmn. 
B. V. SWENSON (1) F. R. LOW (2) C. E. LUCKE (2) 
E. VAN WINKLE (3) G.I. ROCKWOOD (3) H. De B. PARSONS (3) 
H. R. COBLEIGH (4) G. M. BASFORD (4) W. E. HALL (4) 
8S. D. COLLETT (5) C. I. EARLL (5) C.J. H. WOODBURY (5) 
Iibrary Public Relations 
L. WALDO (1), Chmn. J. M. DODGE (5), Chmn. 
W. M. McFARLAND (2) R. W. HUNT (1) 
C. L. CLARKE (3) D. C. JACKSON (2) 
A. NOBLE (4) J. W. LIEB, JR. (3) 
E. G. SPILSBURY (5) F. J. MILLER (4) 


N x%te—Numbers in parentheses indicate number of years the member has yet to serve. 
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SOCIETY REPRESENTATIVES 


John Fritz Medal 
F. R. HUTTON (1) 
W. F. M. GOSS (2) 
H. R. TOWNE (3) 

J. A. BASHEAR (4) 


Fire Protection 


J.R. FREEMAN 
I. H. WOOLSON 


Refrigeration 


D. 8S. JACOBUS 

A. P. TRAUTWEIN 
G. T. VOORHEES 
P. De C. BALL 

E. F. MILLER 


Power Tests 


D. 8. JACOBUS, Chmn. 
E. T. ADAMS 
G. H. BARRUS 

. P. BRECKENRIDGE 


Conservation 


x. F. SWAIN, Chmn. 
>». W. BAKER 

u. D. BURLINGAME 
M. L. HOLMAN 
C. W. RICE 


Student Branches 
F.R. HUTTON, Chmn. 


Sub-Committee on Steam 
of Research Commmittee 


R. H. RICE, Chmn. 
J. F. M. PATITZ 
C. J. BACON 

E. J. BERG 

W. D. ENNIS 

L. S. MARKS 


Trustees U. E. S. 

F. J. MILLER (1) 
JESSE M. SMITH (2) 

A. C. HUMPHREYS (3) 


Conservation Commisson 


G. F. SWAIN 
C. T. MAIN 
J.R. FREEMAN 


SPECIAL COMMITTEES 


Flanges 
G. H. STOTT, Chmn. 
A. C. ASHTON 
W. SCHWANHAUSSER 
J. P. SPARROW 


Constitution and By-Laws 
J. M. SMITH, Temp. Chmn. 
G. M. BASFORD 

F. R. HUTTON 

D. 8. JACOBUS 

H. G. STOTT 


Power House Piping 
H. G. STOTT, Chmn. 

I. E. MOULTROP 

H. P. NORTON 

J. P. WHITTLESEY 

F. R. HUTTON 


Involute Gears 
W. LEWIS. Chmn. 
H. BILGRIM 

E. R. FELLOWS 
Cc. R. GABRIEL 
G. LANZA 


Engineering Standards 
HENRY HEsS, Chmn. 

H. W. SPANGLER 

CHAS. DAY 

J.H. BARR 


Standardization of 
Catalogues 


WM. KENT, Chmn. 
M. L. COOKE 

W. B. SNOW 

J. R. BIBBINS 


A. A. A. &. 

A. C. HUMPHREYS 

H. G. REIST 

I. A. for T. M. 
CHARLES KIRCHHOFF 


Engineering Education 
A.C. HUMPHREYS 
F. W. TAYLOR 


Pipe Threads 
E. M. HERR, Chmn. 
W. J. VALDWIN 
G. M. BOND 
S. G. FLAGG, JR. 


Society History 
J. E. SWEET 
H. H. SUPLEE 
F. R. HUTTON 


Tellers of Election 
W. T. DONNELLY 
T. STEBBINS 
G. A. ORROK 


Nominating 
R. C. CARPENTER 
New York, Chmn. 
R. H. FERNALD 
Cleveland, O. 
E. G. SPILSBURY 
New York 
A. M. HUNT 
San Francisco, Cal. 
C.J. H. WOODBURY 
Boston, Mass. 


Committee to Formulate 
Standard Specifica- 
tions for the Construc- 
tion of Steam Boilers 
and other Pressure Ves- 
sels and for Care of 
Same in Service 

E. F. MILLER 

C. L. HUSTON 

C. H. MEINHOLTZ 

R. C. CARPENTER 

W. H. BOEHM 

R. HAMMOND 


Note—Numbers in parentheses indicate number of years the member has yet to serve. 
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OFFICERS OF THE GAS POWER SECTION 


Chairman 
R. H. FERNALD 


Gas Power 
Executive Committee 
F. H. STILLMAN (5). Chmn. 
G. I. ROCKWOOD (1) 

C. J. DAVIDSON (1) 
E. D. DREYFUS (1) 
F. R. HUTTON (2) 
H. H. SUPLEE (3) 
F. R. LOW (4) 


Gas Power 
Committee on Meetings 


WM. T. MAGRUDER, Chmn. 


W. H. BALUVELT 

E. D. DREYFUS 

A. H. GOLDINGHAM 
NISBET LATTA 

H. B. MACFARLAND 


OFFICERS 


Gas Power 
Literature Committee 
R. B. BLOEMEKE, Chmn. 
H.S. ISHAM 
W. F. MONAGHAN 
A. W. H. GRIEPE 
WwW. S. MORRISON 
H. G. WOLFE 
N. J. YOUNG 
8. 0. SANDELL 
8S. I. OESTERREICHER 
J. MAIBAUM 


Gas Power 
Installations Committee 


L.B. LENT, Chmn. 
A. BEMENT 
C. B. REARICK 


OF 


Secretary 
GEO. A. ORROK 


Gas Power Plant 
Operations Committee 
I. E. MOULTROP, Chmn. 
J.D. ANDREW 
C. J. DAVIDSON 
C. N. DUFFY 
H. J. K. FREYN 
W. 8S. TWINING 
C. W. WHITING 


Gas Power 
Membership Committee 
H. R. COBLEIGH, Chmn. 
H. V. O. COES 
A. E. JOHNSON 
F. 8S. KING 
A. F. STILLMAN 
G. M. 8. TAIT 
GEORGE W. WHYTE 
8.8. WYER 


STUDENT BRANCHES 


INSTITUTION 


Stevens Inst. of Tech. 
Cornell University 

Armour Inst. of Tech. 
LelandStanfordJr. Univ. 
Brooklyn Poly. Inst. 
Purdue University 

University of Kansas 
New York University 


Univ. of Illinois 


Penna. State College 
Columbia University 
Inst. of Tech. 
of Cincinnati 
of Wisconsin 


Mass. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Univ. 
Yale University 


of Missouri 


of Maine 


Rensselaer Poly. Inst. 
State Univ. of Ky. 

Ohio State University 
Washington University 


Lehigh University 


of Nebraska 


of Arkansas 


DATE 
AUTHORIZED 
BY COUNCIL 


Dec. 4, 1908 
Dec. 4. 1908 
Mar. 9, 1909 
Mar. 9, 1909 
Mar. 9, 1909 
Mar. 9, 1909 
Mar. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Nov. 9, 1909 
Dec. 7, 1909 

Dec. 7, 1909 

Feb. 8, 1910 

Apr. 12, 1910 
Oct. 11, 1910 
Dec. 9, 1910 

Jan. 10, 1911 
Jan. 10, 1911 
Mar. 10, 1911 
June 2, 1911 


HONORARY 
CHAIRMAN 





Alex. C. Humphreys 


R. C. Carpenter 
G. F. Gebhardt 
C. H. Shattuck 


Chas. E. Lucke 
Gaetano Lanza 
J.T. Faig 


H. J. B. Thorkelson 


H. Wade Hibbard 
C. R. Richards 
Arthur C. Jewett 
B. N. Wilson 

L. P. Breckenridge 
A. M. Greene, Jr. 
F. P. Anderson 

W. T. Magruder 


PRESIDENT 


Harry Anderson 
F. J. Schlink 
J. A. Kinney 


CORRESPONDING 
SECRETARY 


A. D. Karr 
. 8S. Wegg, Jr. 
. H. Griffiths 

. W. Scholefield 

. C. Ennis 

1. E. Sproull 
M. C. Conley 
Andrew Hamilton 
E. J. Hasselquist 
H. 8. Rodgers 


N.E. Hendrickson J. L. Haynes 


. B. Sheriff 
. T. Kennedy 
/.O. Forman 
A. H. Blaisdell 
/. Q. Williams 
. M. Jones 
G. K. Palsgrove 
G. C. Mills 
H. A. Shuler 


R. M. Ferry 
J. H. Schneider 
L. F. Garlock 
Osmer N. Edgar 
C. A. Bennett 
W. B. Emerson 
. W. Barton 
y. St. C. Childs 
. J. Parthesius 
. L. Moore 
. M. Bone 
. E. Glasgow 





MEETINGS OF THE SOCIETY 


The Committee on Meetings 
R. POMEROY (1), Chmn. H. De B. PARSONS (3) 
E. LUCKE (2) W. E. HALL (4) 
C. J. H. WOODBURY (5) 


L. 
C. 


Meetings of the Society in Boston 
I. N. HOLLIS, Chmn,. E. F. MILLER 
I. E. MOULTROP, Secy. R. E. CURTIS 
R. H. RICE 


Meetings of the Society in New York 
W. RAUTENSTRAUCH, Chmn F. H. COLVIN 
F. A. WALDRON. Secy. E. VAN WINKLE 
R. V. WRIGHT 


Meetings of the Society in St. Louis 
E. L. OHLE, Chmn. M. L. HOLMAN 
F. E. BAUSCH, Secy. R. H. TAIT 
J. HUNTER 
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RATIONAL PSYCHROMETRIC FORMULAE 


THEIR RELATION TO THE PROBLEMS OF METEOROLOGY AND 
OF AIR CONDITIONING 


By Wiuuis H. Carrier 
ABSTRACT OF PAPER 


In many industries such as the manufacture of textiles, food products, high 
explosives, photographic films, tobacco, etc., regulation of the humidity of the 
atmosphere is of great importance. This paper deals with the subject of the 
artificial regulation of atmospheric moisture, technically known as air condi- 
tioning. It gives a theoretical discussion of the subject in which formulae 
are developed for the solution of problems. These formulae are based upon 
the most recently determined data and in order to establish a logical basis for 
the presentation of these data and the derivation of the formulae, the princi- 
ples governing atmospheric moisture are reviewed and the present methods of 
determining atmospheric humidity are discussed. 





RATIONAL PSYCHROMETRIC FORMULAE 


THEIR RELATION TO THE PROBLEMS OF METEOROLOGY AND 
OF AIR CONDITIONING 


By Wiuuis H. Carrier, Burrao, N. Y. 


Associate Member of the Society 


A specialized engineering field has recently developed, technically 
known as air conditioning, or the artificial regulation of atmospheric 
moisture. The application of this new art to many varied industries 
has been demonstrated to be of greatest economic importance. When 
applied to the blast furnace, it has increased the net profit in the pro- 
duction of pig iron from $0.50 to $0.70 per ton, and in the textile 
mill it has increased the output from 5 to 15 per cent, at the same 
time greatly improving the quality and the hygienic conditions 
surrounding the operative. In many other industries, such as litho- 
graphing, the manufacture of candy, bread, high explosives and 
photographic films, and the drying and preparing of delicate hygro- 
scopic materials, such as macaroni and tobacco, the question of 
humidity is equally important. While air conditioning has never 
been properly applied to coal mines, the author is convinced that if 
this were made compulsory, the greater number of mine explosions 
would be prevented. 

2 Although of so much practical as well as scientific importance 
the laws governing many of the phenomena of atmospheric moisture 
are but partially understood, while the present engineering data 
pertaining thereto are both inaccurate and incomplete. Accepted 
data used in psychrometric calculations are based largely on empirical 
formulae, which are incorrect as well as limited in their range. Recent 
investigators have determined the most important properties of 
water vapor with final accuracy. At the same time, sufficient 
error has been shown in previous steam data, especially at atmospheric 
temperatures, to warrant the revision of all calculations based thereon. 


THe AMERICAN Society oF MecuHanicaL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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3 It is the purpose of this paper to apply these final data to the 
development of rational formulae for the solution of all problems 
pertaining to the phenomena of atmospheric moisture as related to 
psychrometry and to air conditioning. Original data are given in 
proof of fundamental relations as well as in determination of errors 
in standard psychrometric instruments. The author hopes these 
results may prove to be of permanent value. 

4 In order to establish a logical basis for the presentation of these 
data and the derivation of the rational formulae, the established 
principles and laws governing atmospheric moisture will be reviewed 
and the present methods of determining atmospheric humidity dis- 
cussed. 


VAPOR PRESSURE AND LAW OF PARTIAL PRESSURES 


5 Water vapor exists in the air purely as a mixture in relation to 
its other elements. This vapor, according to Dalton’s law, is capable 
of exerting a certain maximum vapor pressure dependent entirely on 
its temperature and regardless of the presence of other gases or vapors. 
For example, assume 1 cv. ft. saturated with vapor of alcohol at 100 
deg. cent. having a vapor pressure of 1697.6 mm., and add isother- 
mally to this 1 cu. ft. saturated with water vapor at 100 deg. cent. hav- 
ing a vapor pressure of 760 mm. This will give 1 cu. ft. of the mix- 
ture saturated with both water vapor and alcohol vapor at 100 
deg. cent., having as a total pressure the sum of the two separate 
saturated vapor pressures, or 2457.6 mm. Similarly, an equal 
volume of a third saturated vapor might be added without affecting 
the other two. But if, on che other hand, it is attempted to include 
isothermally an additional amount of either of the saturated vapors, 
a corresponding condensation of the particular vapor added would 
result. In the same manner, an unlimited amount of a gas, such as 
air, could be added isothermally to a cubic foot of water vapor with- 
out affecting its condition of saturation, giving a combined pressure 
equal to the gas pressure plus the vapor pressure. 

6 The established temperature-pressure relationship of saturated 
water vapor is shown by curve (1) on the charts, Figs. 1 and 2. 
This is the well-known temperature-pressure curve of steam. 


PARTIAL SATURATION 


7 When the temperature of a definite weight of saturated vapor 
is increased isobarometrically, it is said to be superheated. Its 





WILLIS H. CARRIER 1315 


specific volume is increased, in accordance with the law of gases, 

in direct proportion to the increase of absolute temperature, while 

its density is changed in an inverse proportion, as shown in Fig. 3; 
Dz T; 


that is, D> T’ where D; and Dz, are the densities corresponding 
1 2 


to the absolute temperatures 7’, and 72, respectively, and (T, — 7’) 

is the degree of superheat. If D. is the density of saturated vapor at 

temperature 7, then the ratio a) is said to be the per cent of satura- 
1 

tion, or more exactly, the per cent of isothermal saturation. When 

these relationships are considered with respect to water vapoi in 





Density (6rs per cu ft) 
AY 
Vapor pressure 











Temperature 


Fic. 3 TEMPERATURE-DENSITY DIAGRAM 


air, this ratio is termed the per cent of relative humidity, while the 
densities D,, Dz, D's, etc., customarily expressed in grains of moisture 
per cubic foot, are termed absolute humidities. 


DEW POINT 


8 It should be noted that although the total weight of the water 
vapor remains the same, the absolute humidity Dz, is less than the 
absolute humidity D,. However, if water vapor, or air containing 
water vapor, having a temperature T, and an absolute humidity of 
Ds, be cooled to 7), it will become saturated, and if cooled further, 
moisture will be precipitated. Therefore 7; is termed the dew point 
of air having a temperature T; and an absolute humidity, De, or a 


: : a : 
corresponding relative humidity, Dp” Therefore, the dew point 
2 
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may be defined as the minimum temperature to which air of a given 
moisture content may be cooled without precipitation of moisture. 

9 Usually it is more convenient to determine the absolute and 
relative humidities from the temperature-pressure curve by comparing 
Dz 


the vapor pressures. The per cent of humidity is Dt but it may also 
2 


Gi. 
be shown to be equal to —; i.e. 
€x 
* 7. é, 
per cent humidity = > 
2 
where ¢@, is the pressure of saturated vapor corresponding to the dew 
point 7), and e’, is the vapor pressure at saturation corresponding to 


temperature 72. It also follows that 


a 
D: = D’.X Wy ttetnerenerarssereress [2] 


Proof of these relationships is given in Appendix No. 1. 


METHODS OF MEASURING ATMOSPHERIC HUMIDITY 


10 Determinations of atmospheric moisture may be made by 
four distinct methods: 

11 Chemical Method. A measured quantity of air is drawn 
through some de-hydrating solution, such as concentrated sulphuric 
acid, until the moisture is completely removed and the increase in the 
weight of the solution noted. 

12 Hygroscopic Method. This method is chiefly useful in an 
approximate determination of the relative humidity directly. It is 
known that nearly all animal and vegetable substances containing 
albumen or cellulose, and also many mineral salts are very sensitive 
to changes in atmospheric moisture. The moisture content of such 
materials at equilibrium is found to bear a direct relation to the exist- 
ing amount of moisture in the atmosphere. 

13 The per cent of moisture which they will freely absorb, how- 
ever, is not exactly the same for the same percentage of humidity for 
different temperatures. This relationship of moisture content of 
various textiles to different atmospheric humidities and temperatures 
has been very thoroughly investigated by Schloessing in France. 
Fig. 4 exhibits some of the relationships thus determined. 

14 It is therefore to be seen that the moisture content of the air 
will be approximately indicated by measuring the increase in weight 
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of a skein of silk, or other textile, whose dry weight has been definitely 
determined. Such an instrument for the measurement of humidity 
has been devised by William D. Hartshorne of Lawrence, Mass. 

15 The action of the hair hygrometer depends upon its linear 
expansion due both to humidity and temperature. The accuracy of 
this type of hygrometer was thoroughly investigated by Regnault. 
It may be calibrated to give a fairly accurate indication of humidity 
throughout a considerable range of temperature. However, the elas- 
ticity of the hair or any similar fiber is not permanent and any instru- 
ment operating on this principle requires frequent calibration and 
readjustment. Therefore it can be used only in connection with 
some instrument giving absolute determinations. 
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16 In his investigations of atmospheric humidity, Regnault 
found that a solution of calcium chloride exposed to the air would 
assume a density in proportion to the relative humidity. If the air 
became drier, it would evaporate moisture from the solution, increas- 
ing its density. If, on the other hand, the humidity of the air in- 
creased, moisture would be absorbed by the solution until it reached 
an equilibrium. 

17 A test was made by the writer in May 1902, to determine the 
moisture-absorbing properties of calcium-chloride brine for the pur- 
pose of air conditioning. It was found that with a constant humid- 
ity of the air, the rate of absorption varied directly in proportion to 
its change in density, and that the density of the solution decreased 
to a pot where absorption stopped. In connection with this test 
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an interesting phenomenon was observed relative to the conversion 
of the latent heat into sensible heat of the moisture thus absorbed. 
By measuring the increase in temperature, it was found possible to 
account very closely for the calculated latent heat of the mois- 
ture removed. The temperature of the solution was, furthermore, 
considerably higher than the final temperature of the air. This may 
be explained by the assumption that the absorption and consequent 
heat transformation occurred at the surface film where the air in the 
film and the liquid were heated to an equal temperature, and that not 
all of the air came into direct contact with the liquid. This is the 
direct inverse of phenomena occurring in evaporation with incomplete 
saturation. Here the temperature of the air is lowered to corre- 
spond with the increase in latent heat by evaporation, while the water 
always remains at a lower temperature than the partially saturated 
air. . 

18 In 1909, in connection with a test made upon a humidifying 
plant for conditioning tobacco, similar phenomena were noted. It 
was found that the ventilation of cool, dry tobacco with moist air 
produced a rapid rise in temperature both of the air and of the tobacco, 
which rose to a much higher temperature than the air. 

19 Dew-Point Method. The dew-point method was first brought 
into use by Daniels and by Regnault, and adopted by the United 
States Weather Bureau in the determination of the values used in 
their psychrometric tables. The dew point is measured directly by 
observing the temperature at which moisture begins to form upon an 
artificially cooled mirror surface. Determination by this method is 
extremely delicate and when suitable precautions are taken, is con- 
sidered very accurate. However, it is questionable whether the true 
dew point is ever quite as low as indicated by this method. The 
temperature is usually taken by a thermometer placed in a thin 
silver tube filled with sulphuric ether or other volatile liquid, which 
produces cold by evaporation. The temperature of the exterior of 
this tube is undoubtedly at the true dew point, but it is questionable 
whether the thermometer at the center of the tube registers this dew 
point with absolute accuracy. The exterior surface of the tube must 
often be cooled 25 or even 50 deg. below atmospheric temperature 
in order to reach the dew point. 

20 In any case a considerable quantity of heat must pass through 
the tube to the cooling medium from the external air by convection, 
and to a less extent from external objects by radiation. The internal 
resistance to the transfer of heat of a thin plate of metal, forming the 
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wall of the tube, is in itself negligible; however, as any one who has 
studied the subject of heat transmission will recognize, the surface 
resistances are appreciable. On the outside, there is the resistance of 
the surface exposed to the water vapor at low tension, and, on the 
inside, the more considerable resistance of the liquid surface. There 
is therefore every reason to believe that the interior ether is at a 
slightly lower temperature than the exterior dew point. This con- 
clusion conforms with conditions demonstrated by other observers 
in tests upon the temperature of the exterior of radiating or convect- 
ing surfaces. The extreme accuracy of the results obtained by the 
dew-point method at high temperatures and low humidities would, 
therefore, seem greaily in question. 

21 Evaporative or Psychrometric Method. The. evaporative or 
psychrometric method has not heretofore, to the writer’s knowledge, 
been definitely accepted as an absolute means of moisture determina- 
tion, but as will be demonstrated, is independent of and preferable 
to all other methods in scope and accuracy. It is of special inter- 
est in relation to the art of air conditioning, because the same funda- 
mental phenomena are involved and subject to the same theory. 
It is of service not only in the art of air conditioning, but also a 
departure in the science of meteorology. It provides a method, 
remarkable for simplicity and accuracy, for the determination of the 
specific heat of air, which present methods have failed to establish, 
within an unquestioned accuracy of 2 per cent. 

22 This method of moisture determination depends upon the 
cooling effect produced by the evaporation of moisture in a partially 
saturated atmosphere. This is usually measured by covering the 
bulb of an ordinary mercurial thermometer with a cloth or wick 
saturated with water and comparing its temperature with that of 
a thermometer unaffected by evaporation. The covered bulb is 
termed the wet-bulb thermometer, and the difference between the 
wet and dry-bulb readings is termed the wet-bulb depression. The 
temperature of the wet bulb is affected in a measure by radiation from 
surrounding objects. It is therefore very susceptible to air currents 
which serve to increase the evaporation and therefore decrease the 
percentage of error due to radiation. On this account, the earlier and 
more convenient form of hygrometer using a stationary wet bulb is 
very unreliable, considerable correction being necessary for radiation. 
The sling psychrometer advocated by the United States Weather 
Bureau overcomes this error to a great extent by increasing the venti- 
lation and consequent rate of evaporation to such a degree that the 
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heat received by radiation becomes a small percentage of the total 
heat transformation. 

23 The most reliable tables based on the stationary wet-bulb 
hygrometer are those by James Glaisher (1847)'. The tables of the 
United States Weather Bureau based upon an empirical formula 
deduced by Prof. Wm. Ferrel from simultaneous determinations with 
the sling psychrometer and the dew-point instrument are more reli- 
able, and are now generally used. The limitations of this formula are 
admitted, since it is held to be correct only over the range of observa- 
tion from which it was deduced, including simply temperatures 
below 120 deg. fahr. 

24 Professor Ferrel’s formula as given in the tables of the United 
States Weather Bureau is 


e = e’ — (0.000367 P) (¢t— ¢’) ( eo ye r) 
1571 


\ 


where 


e = partial pressure of the moisture in the air, which also= 
vapor pressure corresponding to the dew point 

e’ = the vapor pressure corresponding to saturation at wet- 
bulb temperature ¢’ 

P = the barometric pressure 

t = dry-bulb temperature in deg. fahr. 

t’ = wet-bulb temperature in deg. fahr. 

25 The temperature of the dew point is found by selecting the 
temperature corresponding to the pressure e, from the temperature- 
pressure diagram or table. The per cent of relative humidity is 
R= = where e is the vapor pressure corresponding to the dry-bulb 
temperature ¢, as previously demonstrated. The absolute humidity 
expressed in grains of moisture per cubic foot is then determined by 
multiplying the grains of moisture per cubic foot corresponding to 
saturation at dry-bulb temperature by the per cent of relative humid- 
ity thus determined. 

26 The writer would substitute for such an empirical formula 
a rational one, having a thermodynamic basis, that is, a formula 
depending upon the transformation of sensible heat into latent heat 
in the adiabatic saturation of dry air. 

27 Historically, it is of interest to note in this connection, that 
James Apjohn? propounded in 1836 this same theory of wet-bulb 


1 Phil. Trans. Royal Soc., 1851, p. 141. 
2 Trish Academy Trans., vol. 17, pp. 275-282, 1837. 
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temperature. However, he was unable to establish the correctness 
of his assumptions, partly because the data then extant regarding the 
specific heat of air and the latent heat of water vapor were inaccurate, 
but more particularly because he assumed the temperature indicated 
by the stationary wet-bulb thermometer which he used, to be the 
true temperature of evaporation, while as a matter of fact, it is con- 
siderably higher, owing, as we have shown, to the effect of radiation 
upon the stationary wet bulb. 

28 The author first observed that the wet-bulb temperature 
given in the psychrometric tables of the United States Weather Bu- 
reau agreed substantially with the computed temperature at which 
air of a known temperature and moisture content would become 
saturated adiabatically, i.e., without the addition or subtraction of 
heat. These calculations were made by the writer in 1903, in deter- 
mining the moisture-absorbing capacity of air in connection with the 
fan systems of drying. Subsequently, this relationship was still fur- 
ther investigated and thoroughly established in connection with the 
system of air conditioning introduced by the writer. 

29 Tests upon progressive fan-system dry kilns in 1904 disclosed 
the fact that the wet-bulb temperature was substantially the same 
in all parts of the kiln regardless of the drop in temperature due to 
moisture absorption, a phenomenon which logically results from the 
identity of the wet-bulb temperature and the temperature of adia- 
batic saturation. 

PSYCHROMETRIC PRINCIPLES 


30 The following principles underlie the entire theory of the evapo- 
rative method of moisture determination, as well as of air conditioning: 
(A) When dry air is saturated adiabatically the temperature 
is reduced as the absolute humidity is increased, and the 
decrease of sensible heat is exactly equal to the simultaneous 
increase in latent heat due to evaporation. 
As the moisture content of air is increased adiabatically 
the temperature is reduced simultaneously until the vapor 
pressure corresponds to the temperature, when no further 
heat metamorphosis is possible. This ultimate temperature 
may be termed the temperature of adiabatic saturation. 
When an insulated body of water is permitted to evaporate 
freely in the air, tt assumes the temperature of adiabatic 
saturation of that air and is unaffected by convection; 
i.€., the true wet-bulb temperature of air is identical with its 
temperature of adiabatic saturation. 
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31 From these three fundamental principles there may be deduced 
a fourth: 

(D) The true wet-bulb temperature of the air depends entirely 
on the total of the sensible and the latent heat in the air and 
is independent of their relative proportions. In other words, 
the wet-bulb temperature of the air is constant, providing the 
total heat of the air is constant. 

32. A statement of the experimental demonstration of these four 
principles is given in Appendix No. 2. 


APPLICATION OF THE EVAPORATION CALORIMETER TO THE DETER- 
MINATION OF THE SPECIFIC HEAT OF AIR 


33 In consequence of the psychrometric principles A, B and C, 
the moisture content of air from accurate psychrometric readings 
may be easily computed, provided the required temperature is known, 
as well as the density relations in a mixture of pure air and saturated 
water vapor, and also the exact latent heat of water vapor, and the 
specific heat of air and of water vapor at any temperature. 

34 No novelty is claimed for this method since the writer found, 
while preparing this paper, that this very means had been proposed 
by James Apjohn!. However, it does not seem to have been taken 
very seriously by contemporary scientists since it was never properly 
developed. Moreover, the details of his method were such as to 
make it worthless. 

35 Recent research into the properties of water vapor has fully 
established its properties to a great degree of exactness, with the 
possible exception of the specific heat, which is of minor importance 
in psychrometric calculations. The author, however, was surprised 
to find upon investigation that the usual value assigned to the specific 
heat of air was unquestionably incorrect, since it had been definitely 
proved to be variable, and not a constant as assumed by Regnault. 
Moreover, recent investigators conducting their experiments with 
modern apparatus, supposedly with extreme accuracy, differed from 
each other by more than 3 per cent, and from the generally accepted 
value of Regnault, by more than 2 per cent. Therefore, in order to 
use a rational formula in the construction of accurate psychrometric 
charts and tables, it becomes necessary to determine the specific 
heat of air to a much greater degree of accuracy than is known at 
present. 


1 Trish Academy Trans., vol. 18, pp. 1-17, 1838. 
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36 At the time of this writing, the author is not prepared to give 
any definite data with regard to such determinations, but will present 
a method employing the evaporation calorimeter which apparently 
affords great accuracy and upon which greater reliance can be placed 
than upon previous methods, in all of which the air or other gas must 
be measured with precision. This measurement, when dealing with 
air quantities sufficient to give accurate determinations, seems to 
present the chief difficulty. 

37 In the present method, on the contrary, no air measurement, 
other than the determination of its density through temperature and 
barometric pressure, is required. It is, indeed, in this respect, 
closely allied to the throttling calorimeter method of determining the 
specific heat of steam. In other respects, however, it has a great 
advantage over that method in that it requires no subtractive cal- 
culations sensitive to error, but equates the known latent heat of 
water vapor, directly to the unknown specific heat of air, the weight 
of the water vapor having a known ratio to that of the air. 

38 This method consists, first, in bringing a continuous supply of 
air close to saturation, where its moisture content can be determined 
with great accuracy by means of a wet and dry-bulb thermometer 
and applying the rational psychrometric formula [3] assuming an 
approximate value for the specific heat; second, in heating this cur- 
rent of air of known moisture content to any desired amount and 
taking the wet and dry-bulb readings as in experiment No. 2, Appen- 
dix No. 2. By applying the rational psychrometic formula derived 
in Pars. 58-67, we have 


_ 1 (W'—W)-C,.W 


Con 


where 


Cpa = mean specific heat of air of constant pressure between 
temperatures ¢ and t’ 
mean specific heat of water vapor between temperatures 
t and t’ 
temperature of the dry bulb 
= temperature of the wet bulb 
= latent heat of water vapor corresponding to ?¢’ 
weight of water vapor actually contained in 1 lb. of dry 
air; i.e., it is the ratio of the weight of water vapor to 
the weight of air in the mixture 
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weight of water vapor contained in 1 lb. of dry air at 
saturation at temperature t’ 


S = specific weight of water vapor 
P = barometric pressure 
e’ = vapor pressure at t’ 

39 The apparatus for this determination is shown in Figs. 5 
and 6. ‘Two fans are required. Fan No. 1 draws the air through 
moist sponge A. The air in passing through the fan rises in tem- 
perature so that it is desirable to saturate it further by passing it 
through a moist sponge filter B. The wet and dry-bulb temperatures 
of the air are then taken with thermometers 1 and 2. These readings 
should be practically identical so that error in calculating the true 
dew point is negligible. The air is then heated by passing it through 
an electric heater provided with a rheostat for regulating the tempera- 
ture. Thence it is blown, still under slight pressure, into fan No. 2, 
where it is thoroughly mixed and the pressure slightly increased. 
After the air passes through the second fan, the wet and dry tempera- 
tures are taken in the manner previously described, except that the 
greatest precaution is exercised in the construction of the air passage 
to avoid radiation from the thermometer bulbs. A differential 
gage is connected between chambers 2 and 3. Careis taken in regulat- 
ing the pressures of the fans and in the damping of the discharge to 
keep the differential gage at zero, so that there will be the same pres- 
sure of air on both thermometers. This pressure is measured by a 
second draft gage D2, and a third draft gage Ds, is connected to the 
second fan inlet where it is essential that the pressure be maintained 
above atmospheric so that any leakage occurring in the apparatus 
will be outward. Pitot tube and differential gages are used to deter- 
mine the velocities on the thermometers. 

40 The accuracy of this method is apparently limited only by 
the accuracy of the thermometers. Wet-bulb depressions between 
20 and 50 deg. may be used to advantage, and the determinations 
should be accurate to at least ;'5 of 1 per cent. 
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DERIVATION 





OF A RATIONAL PSYCHROMETRIC FORMULA 


41 As already pointed out, it is possible to derive a rational psy- 
chrometric formula based on the fundamental principles, A, B and 
C. 

42 In considering the interchanges of heat occurring in psychro- 
metric phenomena, it is essential to consider primarily the relative 
weights of dry air and of water vapor rather than the usual density- 
temperature relationship; that is, it is necessary to express moisture 
content as weight of water vapor per pound of pure air, rather than as 
weight of water vapor per cubic foot of space. Moreover, this rela- 
tionship is much more adaptable to all of the usual calculations in 
air conditioning and in meteorology. The author, accordingly, has 
constructed all his formulae and psychrometric charts upon this basis. 
In the deduction of the formulae and in the construction of the accom- 
panying charts, the following fundamental data were employed: 

a Standard barometric pressure = 29.92 in. mercury = 14.6963 

Ib. per sq. in. = 2116.3 lb. per sq. ft. 

b Absolute temperature = ¢ + 459.62 deg. fahr. 

c Btu. = 
heat required to raise 1 lb. of water from 32° to 212° 

180 

d Mechanical equivalent of heat = 777.52 ft-lb. 

e Specific volume of air = weight of 1 cu. ft. of pure air at 
32 deg. fahr. and 29.92 in. barometric pressure = 0.080728 


Ib. per cu. ft. Therefore = 53.35 


f Instantaneous specific heat of air! 


Cpa = 0.24112 + 0.000009 ¢ deg. fahr. 
g Vapor pressure, Holborn and Henning’s modification of 


the Theisen formula (¢ + 495.6) log 1 eo = 5.409 


(¢ — 212) — 3.71 x 10-* [(689-t)*—(477)4], as calculated 
in tables of Marks and Davis (1909) 


h Specific volume of steam as calculated in steam tables of 
Marks and Davis? (1909) 


‘Harvey N. Davis, Trans.Am.Soc.M.E., vol. 30, p. 750, 1908. 


? W. F. G. Swann, Phil. Trans. Royal Soc., series A, vol. 210, pp. 199-238, 
1909, 






















































































RATIONAL PSYCHROMETRIC FORMULAE 


i Latent heat of water vapor! 
r = 141.124 (689 — #) 0.31249 (¢ = deg. fahr.) 
r= 109.16 — 0.56 deg. fahr. 
(approximately between 40 and 150 deg. fahr.) 
j Instantaneous specific heat of water vapor (approximately) 
Cys = 0.4423 + 0.00018 ¢ deg. fahr. 


k Specific weight of water vapor at saturation for any pres- 
sure and temperature 


_ specific volume of air 
specific volume of steam 


43 With respect to the reliability of these data, those on the latent 
heat of steam may be accepted as absolute within 0.1 per cent, 
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Fic. 7 Spreciric Heat or NITROGEN 


since the agreement of recent investigators seems to have established 
the present values beyond question. Strange to say, however, the 
specific heat of air, as already pointed out, has not been established 
with accuracy within 2 per cent. Regnault gives it as a constant, 
Cy = 0.2375, and this value has generally been accepted. However, 
Holborn and Henning, whose valuable determinations in steam are 
well known, have demonstrated it to be a variable. For nitrogen 
they give a value C (o — t) = 0.2350 + 0.000019 ¢ (¢ in deg. cent.), 
a straight-line relationship, although for superheated vapors they 
find equations of a higher degree. The plot of their values for C for 
nitrogen, as shown in Fig. 7, lacks considerable uniformity. So far as 
the points given are concerned they do not seem to warrant assuming 
a straight-line relationship. Their points would seem to indicate 
rather a curve with considerably greater values at lower temperatures 


1C. H. Peabody, Trans.Am.Soc.M.E., vol. 31. p. 334, 1909. 
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than given by their line. If their values were accepted at atmospheric 
temperatures we would have a specific heat for air considerably lower 
than that given by Regnault, while psychrometric evidence seems 
to indicate that it should be considerably higher at such tempera- 
tures. The most reliable of recent determinations would seem to 
be that of W. F. G. Swann.! In his paper he points out a defect in 
the method of Regnault which would account for the latter’s value 
being too low. The values given by Swann have therefore been 
adopted in this paper; although they appear still to require confirma- 
tion, since there would seem to be considerable opportunity for error 
in the method of air measurement used in his experiments. 

44 The equation given for the specific heat of steam at low tem- 
peratures seems to agree fairly well with modern experimental data. 
Extreme accuracy is not pretended, nor is this essential at lower 
temperatures, since under 150 deg. the total heat value of the air 
is affected only 2 per cent at most by the specific heat of the water 
vapor. The values given by this equation, however, are undoubtedly 
more nearly correct at lower temperatures than the usual value, 
C = 0.48. 

45 The psychrometric charts, Figs. 1 and 2, are constructed 
accurately from the foregoing data. Fig. 2 exhibits all psychrometric 
relationships, between the temperatures of 20 deg. and 350 deg. and 
saturation temperatures up to 143 deg. Fig. 1 gives the same values 
between temperatures 20 deg. and 110 deg. and saturation tempera- 
tures to 95 deg. These charts are here shown to a greatly reduced 
scale. In its original form, Fig. 1 permits the reading of both the 
wet and dry-bulb temperatures to an accuracy of 0.1 deg. and of 
the moisture weight per pound of air to 0.2 grains. All calculations 


have been made with accuracy to five significant figures by means 
of a Thatcher slide rule. 


SATURATION CURVE 


46 The saturation curve, Fig. 2, expressed in grains of moisture 
per pound of air, was computed from the formula 


g- a 


where 


G= grains of moisture per lb. of pure air at saturation 
¢ = temperature of saturation in deg. fahr. 


‘ Phil. Trans. Royal.Soc., series A, vol. 210, pp. 199-238, 1909. 


















































































































RATIONAL PSYCHROMETRIC FORMULAE 


t + 459.64=absolute temperature 

Ds= density in lb. per cu. ft. of saturated water vapor at tem- 
perature ¢ 

= reciprocal of specific volume of steam 

P =29.92=assumed standard of barometric pressure in in. 
of mercury 

é€ =vapor pressure of saturated water vapor 

5284= constant of the equation 
The derivation of equation [5] is given in Appendix No. 3. 


TABLE 1 SPECIFIC WEIGHT OF STEAM 


, 53.35 (t + 459.6) D, 
144 X 0.4908 B 





D Grains 
3 Moisture 
Corrected per cu. ft. 





0.000410 0.6245 0.0004089 2.8623 
0.000587 0.6230 0.0005871 | 4.1697 
0.000828 0.6221 0.0006296 4.4072 
0.001148 0.6212 0.0011524 | 8.0668 
0.001570 0.6217 0.0015755 11.0285 


0.002130 0.6237 0.0021320 14.9240 
0.002851 0.62525 0.0028482 19.9374 
0.003766 0.6255 0. 0037630 26.3410 
0.004924 0.62665 0.0049140 34.3980 
0.006370 0.6273 0.0063570 44.4990 


0.008140 0.6266 0.0081400 56 9800 
0.010320 0.6280 0.0103100 72.1700 
0.012960 0.6282 ' 0.012956 | 90.6920 
0.016140 0.6288 0.016140 112.9800 
0.019940 0.6296 0.019940 139.5800 


0.024440 0.6301 0.024465 171.2550 
0.029760 0.6313 0.029780 208. 4600 


47 The specific weight of saturated water vapor is not constant, 
but varies with the temperature of saturation and may be calculated 
from equation [1]. The theoretical value, computed from its molec- 
ular weight, assuming it to be a perfect gas, is 0.6221. This is the 
assumption made in the computation of the psychrometric tables 
published by the United States Weather Bureau, which are inaccurate, 
therefore, in proportion to the variation of S from this theoretical 
value. The actual values for the specific weight of water vapor at 
various saturation temperatures, computed from equation [35] are 
given in Table 1. 
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48 Thespecific weight of water vapor may also be given independ- 

ent of the density as 
S = 0.6221 + 0.001815 Ve + 0.0000051 Ve 
Hence _ * 
7000 (0.6221e + 0.00182 V e+ 0.0000051 V e) 
P-e 

At atmospheric temperature the term 0.0000051 Ve is negligible. 
Hence 


G= 





_ 7000 (0.6221e + 0.00182 V e*) 
— Pam 
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Fig. 8 Speciric WEIGHT OF STEAM 


CONSTRUCTIONS OF ADIABATIC SATURATION LINES 


49 As shown in Par. 30 any adiabatic change involving moisture 
content and temperature of air may be expressed by equating the 
change in total specific heat to the corresponding change in latent 
heat. It may also be expressed by equating the total heat contained 
in the air in the state resulting from adiabatic change. By either 
of these two methods, given in Appendix No. 4, the relations of 
formula [6] are established. 


r’(W'—W)=C,, (t-—#’) + C,,Wt-t’).......... [6] 
in which , 
(t—t’) = the true wet-bulb depression 
(W’— W) =the moisture absorbed per lb. of pure air when it is 
adiabatically saturated from an initial dry-bulb temper- 
ature ¢ and an initial moisture content W 





RATIONAL PSYCHROMETRIC FORMULAE 


Cpa = mean specific heat of air at constant pressure between 
temperature ¢ and ?¢’ 
Cys = specific heat of steam at constant. pressure between ¢ 
and ?¢’ 
r’= latent heat of evaporation at wet-bulb temperature ¢’ 


Knowing any two of the three important values of t, t’ or W, we may 
solve for the third or for any other required relation. 

50 Determination of Weight of Moisture in 1 Lb. of Pure Air, 
having a Dry-Bulb Temperature t and Wet-Bulb Temperature ?’. 
To determine the equation of the adiabatic line corresponding to 
a@ given saturation, or true wet-bulb temperature ¢’, and dry-bulb 
temperature ¢, we have from equation [6] 


i’+C,.(¢-)])W=rW'-C 


r’W' — Con (t — #’) 

r’ + Cos (t — t’) 

51 The diagonal adiabatic lines in the charts, Figs. 1 and 2, 
representing saturation or wet-bulb temperatures, are calculated 
from this formula. It should be observed that they would be per- 
fectly straight if it were not for the element Cys (t—t’), which produces 
a slight curvature, becoming more pronounced at higher saturation 
temperatures. The dew point 4, corresponds to W on the saturation 
aGW_ One 
dt r 


W= 


curve. Theslope of these lines, neglecting Cps (¢—t’), is 


This will always give the intercept t for W=0. 
52 Wet-Bulb Depression and Cooling Effect. The wet-bulb depres- 
sion or cooling effect obtained by having ¢ and W known is 


t-? = r’ (W' — W) 
Con + Coe W 


r’ (W' — W) 
Coa + Con W 


t= + 


53 Having ¢ and W known, ¢ cannot be calculated except by relat- 
ing W to ¢t by an empirical equation. By referring to the psychro- 
metric charts, Figs. 1 and 2, constructed chiefly for that purpose, ¢ 
is conveniently determined. The cooling effect (t—t’), to be obtained 
by saturating air of known temperature and moisture content, is 
likewise obtained from the chart. 
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54 Moisture-Absorbing Capacity of Air. For determining the 
moisture-absorbing capacity, or moisture deficit of air, having a 


known temperature and moisture content, we have per pound of 
pure air 





(Ww! — Ww) = (Coat Con) t= #1 
r’ 











55 Per Cent Adiabatic Saturation. 
ation is 





The per cent of adiabatic satur- 


w’ r’ WwW’ an Gus (t net t’) Ww’ ceoeceresreseeens 









or if we neglect C,, (¢— t’) W’ 


he (t— t’) 
w= 1— Cys WW citrine [13] 


56. Specific Heat of Air. The equation for the experimental deter- 
mination of the specific heat of air by the evaporative method is 


Pn ee i ne ce | Eee [14] 




























57 For engineering purposes however, it is preferable to deter- 
mine any unknown value directly from the psychrometric charts, 
which afford to a great degree of accuracy a simple graphic solution 
of any problem of psychrometry. 


DERIVATION OF THE RATIONAL PSYCHROMETRIC FORMULA FOR VAPOR 
PRESSURE 





58 The present empirical psychrometric formula in use by the 
United States Weather Bureau was first deduced by Professor 
Ferrel,! while the constants of the formula were deduced from a series 
of experiments by Professor Marvin and Prof. H. A. Hazen. The 
error in Broch’s and Regnault’s values for vapor pressures which 
they adopted alone would require its revision. Moreover, the oppor- 
tunity for error in their methods has already been pointed out. 
However, considering the difficulties of their experimental method 
und the correction necessary for radiation in the wet-bulb reading, 
the results obtained are remarkable for consistency and accuracy. 
There are errors in the form of the equation, however, as well as in 


‘Annual Report, Ch. Signal Officer, 1886, Appendix 24, pp. 233-259. 
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the constants employed, which make its inaccuracy more pronounced 
at lower humidities and at the higher temperature. At very high 
temperatures used in mechanical drying it is entirely inoperative. 

59 The need of an accurate rational psychrometric formula for 
vapor pressures using modern data is therefore apparent. The 
required values could be obtained indirectly from the formula already 
given, but computation is facilitated by another derivation giving 
directly the vapor pressure e. 

60 In equation [8] 

_ r W'— C,, (¢— #) 
r’ + Cys (t — &’) 

let ¢ be the dew point corresponding to W, and e the vapor pressure 
corresponding to W in in. of mercury. Referring to equation [5] 


_Se_ 
P-e 


‘ S'e’ ‘ 
Se dl ie Coa (t — t’) 


P—e 7 +CnG@-?) 


W= 


by substitution 


Solving for e 





Ee — (P—e’) Coa(t—- | 
(P —e’) [r’+ Cys (t— t’) 








_— fs. (P—e’) [r’-+Cya (t—t*)] + [S’e’r'— (P—e’) Cyn =D) 
(P —e’) [r’ + Cys ¢ — 0] 
Assuming S’e = S,e, this simplifies to 
2 P|, Ste’r’ —(P—e)Coalt-t’) 
oe 1S,Pr’+ (S,Cos— Cpa) (P—e’) (tt 


At 100 deg. 
S: Cys — Cpa = [(0.623 X 0.46) — 0.242] = 0.033 [18] 


Therefore the value —e (S8:Cps — Cpa) (t—t’) is ordinarily negligible. 
Hence we have 
_ S'e’'r’ — Cy, (P— e’) (t— #’) 
~ Br’ + GiCye— Cyn) C= 2) 
61 By comparison it will be found that the difference between 
S’r’ and Sr’ + (Si Cps — Cpa) (t—t’) is negligible. Hence it may be 
assumed 
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» Cy (P— e’) ¢—?) 
a 
For r’ may be substituted the approximate value r’ = 1091.6 — 0.56 t’ 


and for S’ the value S’ = 0.6215 + 0.000034 ¢’ (approximately). 
Hence 


e=e 








... [20] 





















(0.6215 + 0.000034 2’) (1091.6 —0.56t/) 
,_ Cpa (P — e’) (t—t’) 
e 6784 -030ll? [22] 


TABLE 2 COMPARISON OF NEWLY DETERMINED PSYCHROMETRIC VALUES 
WITH OLD UNITED STATES WEATHER BUREAU VALUES 






Water Varor ContTaINneD tN 1 Ls. or Purr Atk ror WatTeR Vapor ActuaLLy CONTAINED IN 
Wer Bute or 60 Dea. Faur. anp Dry Bus or ¢t 1 Ls. or Pure Air ror Wert Bus or 
rrom U.S. WeatHerR Bureau Furv ote 60 Dec. Faur 










Grain Per | Grain 


t |t-t | e 29.92—e perLb. Cent t | tt | Cy, Cpa | per Lb. 
Air Error : | Air 


| | 
70 10 0.4053 29.515 59.8 6.0205 70 10 0.4540 0.24170 | 61.06 
29.570 51.5 0.0280 75 15 0.4544 0.24172 | 52.98 
29.626 43.1 0.0388 80 20 0.4549 0.24175 | 44.84 
85 25 0.2380 | 29.682 34.9 0.0546 85 25 0.4553 0.24177 | 36.915 
| 29.738 26.6 0.0808 90 30 0.4558 0.24179 | 28.934 
| 29.794 18.4 0.1236 95 35 0.4562 0.24181 20 995 
100 40 0.0700 | 29.850 10.2 0.2200 100 40 0.4567 0.24184 | 13.082 





s 
8 
o 

















105 45 0.0145 29.905 2.11 0.5960 105 45 0.4571 0.24187 5.220 
| 
t — 32 G’ = 77.32 grains per Ib 
e =e’ — 0.000367 P (¢ — t’) 1+ Te -02 £ 8 pe . 
t’ = 60 deg. fahr. 


e X 0.6221 X 7000 


r’ = 1057.8 
29.92 —e 






Cos = 0.4423 + 0.00018¢,, 
t = dry-bulb temperature, deg. fahr. 


Cog = 0.24112 + 0.0000091,,, 


Coa = specific heat of air 





G’ r’ — 7000 Coa (t —t’) 
r’+ Cos (t —t’) 






Cos = specific heat of vapor G= 











and if Swann’s value of 0.24112 + 0.000009 ¢ is accepted for the value 
of Cpa as in the charts, 


So er at 


,_ (P—e’) (¢—-?) 
Oa TY ee [23] 


This equation has been carefully tested by comparing with values 
of the psychrometric coefficient as determined by means of the 


e=¢ 
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charts as shown in Table 2 and Fig. 9. This shows that it is permissible 


1 : y ; 1 
to use 2800 — 1.3 ?’ as the coefficient instead of 9803 — 1.329 ” 
, (P-e (t-?t) 
=e-— 


_— 2800 — 1.3%’ 





a 





a) 
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Fig. 9 RELATION oF GRAINS OF MOISTURE FROM GOVERNMENT TABLES 
To Grains AcTUALLY CONTAINED 


Coefficient 
~ 


Psychromet. 


40 39 60 0 / 
Temperature 


Fig. 10 RapiaTion Error 1n Wet Buts or SLING PsycHrRoMETER 


This formula will give values of e for all wet and dry-bulb tempera- 
tures and all barometric pressures with an error of less than 0.5 per 
cent, assuming the chosen value of Cpa to be correct. 
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62 This equation should be used where the true wet-bulb tempera- 
ture is obtained as in the aspiration psychrometer. With the sling 
psychrometer a correction must be made for the error in depression 
due to radiation and stem correction. By referring to Fig. 10 showing 
the per cent of radiation error, it is seen that this is inversely propor- 
tional to the velocity. It is also, of course, greatly affected by the 
conditions of exposure, i.e., whether it is surrounded on all four sides 
by bodies at the temperature of the dry bulb, or only partly by 
bodies of that or a different temperature. The effect of radiation out- 
side of an enclosure may be assumed to be approximately one-half of 
that within an enclosure. 

64 A sling psychrometer 15 in. in length is ordinarily revolved 
between 150 and 225 r.p.m. giving a velocity between 1200 and 1800 
ft.permin. This will give, according to Fig. 10, a radiation error of 
2.6 to 1.75 per cent within an enclosure, and 1.3 to 0.9 per cent with- 
out an enclosure. Hence an average radiation error of 1.6 per cent 
of the wet-bulb depression may be arbitrarily assumed. The wet- 
bulb depression given by the sling psychrometer may be corrected by 
this amount to give the true depression, which may be used in the 
foregoing psychrometric formula, or the formula itself may be modified 
to allow for this error. 

65 If this formula is corrected for 1.6 per cent radiation error 

_ , (P—e) (t-?) 
e=e O75 Ry [25] 
for the sling psychrometer. 


66 Using the true wet-bulb depression in formula [24], letting e 


be the vapor pressure corresponding to saturation at the dry-bulb 
temperature ¢ 


Re2ua%e (P—e’) (t— ¢’) 
“ih et 
for the per cent of relative humidity. 


67 Let W be the grains of moisture per cu. ft. at any vapor pres- 
sure e, and We, grains per cu. ft. at @&; then 








_ _W.[,_ (P-e’) eat] 
W = (RW,) = -_ E 800-137 | [27] 
also 
_ (46) +1t'\,. 
W = (33 = ) ee re [28] 


where W, is the grains of moisture per cu. ft., corresponding to the 
dew point at vapor pressure e. 
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EFFECT OF CHANGE IN BAROMETRIC PRESSURE 


68 Suppose that air in which the vapor pressure is é) is com- 
pressed from a barometric pressure Po to a barometric pressure P, 
then the partial pressure of both the air and the vapor are increased 


proportionally and e = The temperature corresponding to 


Po 
saturation at e is the temperature of the dew point at pressure P. 
69 The per cent of isothermal saturation becomes 


where @ is the saturated vapor pressure corresponding to the dry- 
bulb temperature ¢. 


TOTAL HEAT CURVE 


70 This curve shows the sensible heat in the air above a base 
temperature of 0 deg. fahr., plus the latent heat contained in the 
water vapor at saturation, but not including the heat of the liquid. 
Since the wet-bulb temperature, or adiabatic lines contain all points 
having the same total heat (neglecting heat of liquid), the curve 
serves to determine the total heat in the air under any and all condi- 
tions represented by the chart. This is of great convenience in cal- 
culating refrigeration required to cool and de-humidify air. For 
example, suppose it is required to find the refrigeration necessary to 
cool 1 lb. of air containing 98 grains of moisture and having a dry- 
bulb temperature of 95 deg., to a final temperature of 40 deg. satu- 
rated. We find from the chart that the wet-bulb temperature is 75 
deg. The total heat corresponding to a saturation temperature of 
75 deg. is 37.8 B.t.u., while the total heat at 40 deg. is 15.3 B.t.u. 
The difference, 22.5 B.t.u. is the refrigeration required per pound of 
air. 


The author wishes to acknowledge his indebtedness to his assistants, Mr. 
Theodore A. Weager and Mr. Frank L. Busey, for the actual work of com- 
putation and the construction of the diagrams. 








APPENDIX No. 1 


PROOF OF FORMULA [I] 


— e D 
Per cent humidity = ae oo — 
€2 D 2 
71 In this formula e; is the pressure of saturated vapor corresponding to the 
dew point 7, and e’: is the vapor pressure at saturation corresponding to tem- 
perature 7. It also follows that 


e 
D, = D':x— 
€2 


At constant pressure 


D,~ Ts 


ieee v, , a 
Also if it is assumed 3 is constant, i.e., Dr is constant for saturated water 


vapor (not exactly correct), 


a e's 


—_—. 


D:T  D'sTs 
Therefore 
ei D; T, 


e's S D',T2 
But substituting D, for its value in [30] 


e D 
* = = = per cent of isothermal saturation. 
€2 D 2 








APPENDIX No. 2 


EXPERIMENTAL DEMONSTRATION OF THE FOUR PSYCHROMETRIC PRINCIPLES 
GIVEN IN PARS. 30 AND 31 


72 While the four psychrometric principles might be all logically surmised, 
experimental demonstration is desirable. A calorimetric method was devised 


Fia. 11 GENERAL VIEW OF APPARATUS 


by the author for this purpose and also to determine the probable error of the 
indications of the wet bulb in the sling psychrometer due to radiation. 

73 The apparatus used is shown in Figs. 11, 12 and 13. Air was supplied 
by fan A at slight pressure to the wooden air duct B, from which it escaped 
through the orifice C, and through the tube D, in which the wet-bulb calo- 


1340 
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rimeter, Figs. 11 and 12, was used in different experiments. A differential 
draft gage and pitot tube indicated the velocity of the air through the orifice 
and over the wet-bulb thermometer No. 4. 

74 This velocity could be varied any desired amount between 1000 and 4000 
ft. per min. by adjustment of the motor rheostat. It was found that the static 
pressure in the box agreed substantially with the velocity head at the ther- 
mometer bulb so that no further measurements of the former were recorded. 
Thermometer No. 1 indicated the dry-bulb temperature of the air in the box, 
thermometer No. 2, the dry-bulb temperature of the air outside, and thermom- 
eter No. 3, the calorimeter temperature. Thermometers Nos. 3 and 4 were 
calorimeter thermometers especially constructed for this test by the Taylor 
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Fic. 12 PLAN AND ELEVATION oF APPARATUS Fig. 18 Detain, or CALORIMETER 






Instrument Company. They were in the fahrenheit scale, graduated to tenths 
of a degree, and calibrated to jy deg. They were also carefully compared. 
75 Experiment No.1. This test was made in order to determine the effect of 
an air blast of known intensity upon the readings of thermometers No. 3 and 
No. 4. The need of the determination was evident as the velocities were not 
necessarily the same upon the two bulbs nor in the same relative direction. 
Moreover, it was evident that a portion of the heat of the air was converted 
into mechanical energy of the air current; also that a portion of this, at least, 
was re-converted into heat by impact on the bulb. This temperature error, 
if any, would be proportional to the velocity head; therefore a maximum condi- 
tion of 1-in. velocity head and static pressure were taken. Both thermometers 
and the calorimeter were perfectly dry. The apparatus was run under constant 
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conditions for 1 hour previous to the test. Consecutive readings were taken 
of marked uniformity, and the average results are given in Table 3. 

76 The actual calculated drop in temperature due to 1-in. air blast under 
the above conditions is 


307 
398 


D = (82.7 + 459.6) ( 


0.29 
) | 0.38 deg. +... 


77 It will be noted that thermometer No. 3 read 0.047 lower than No. 4 at 1 in 
pressure. However, at a wet-bulb temperature of 70 deg., 1 deg. in the temper- 
ature of the dry-bulb produces only 0.3 deg. increase in wet-bulb temperature; 


8a; ad = 0.30. Therefore at 1 in. pressure the error would be 0.014 and at 


} in. pressure 0.0035. Hence, in any case, the correction would be negligible. 


TABLE 3 EFFECT OF AIR BLAST OF KNOWN INTENSITY ON READINGS OF 
THERMOMETERS NO. 3 AND NO. 4 


THERMOMETERS | TEMPERATURE DIFFERENCES 


The temperature increase EZ produced by an air blast equivalent to p in. of water 
may be expressed by the equation 


ao (2 *)> 


0.25 ‘ 
or 0.38 = 66 per cent of the theoretical temperature. 


78 Experiment No. 2. This was for the purpose of determining approxi- 
mately the per cent of error due to radiation and stem correction in the 
depression of the wet bulb of the sling psychrometer, and was accomplished 
by comparing wet-bulb thermometer No. 4, with wet-bulb thermometer No. 3, 
which was protected from practically all radiation by surrounding it with in- 
sulated wet surfaces at precisely the same temperature, and by protecting the 
stem with a wet cloth. This arrangement is shown in Fig. 11, and may be 
termed a wet-bulb or evaporation calorimeter. The protection for the wet bulb 
consisted in an annular vacuum tube, having the exterior surface covered with 
a wet cloth, and the interior with a tube of wet blotting paper. This was 
placed in an open tube leading from the air duct so that there is the same 
circulation of air over the wet surfaces as over the wet-bulb thermometer 
placed within. Thermometer No. 4 was rotated while being subjected to the 
blast, so that the condition in the sling psychrometer would be exactly re- 
produced. 
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79 Thelog of these tests shows that the error in the depression of the wet blub 
in the sling psychrometer for various velocities is as shown in Table 4 and Fig. 
10. This error has been taken as directly proportional to the depression. 
More accurately it is proportional to the difference of the fourth powers of the 
respective absolute temperatures, except for the stem correction. However, 
where the depression is the usual small percentage of the absolute temperature, 
the error in assuming direct proportionality is insignificant. 

80 The sling psychrometer, however, is subject to another error, heretofore 
seemingly overlooked. As shown in experiment No. 1, there is a rise in tem- 
perature due to the impact of the air upon the bulb, which, in the case of the 
dry bulb is 66 per cent of the theoretical, or 0.25 p, and in the case of the wet 


TABLE 4 AVERAGE RESULTS OF TEST FOR RADIATION ERROR IN WET BULB 
OF SLING PSYCHROMETER 
Velocity pressure, in. water..... 0.08 0.16 0.25 0.55 0.75 
Velocity, ft. per min............. 1160 1640 2050 3040 3550 4100 
Room temperature No. 2.......| 86.0 82.0 85.1 85.2 87.2 87.25 
Dry-bulb temperature No. 1.... 87.125 83.93 83.88 83.975 88.175 88.59 
Calorimeter temperature No. 3..| 68.935 69.725 * 71.158 71.740 68.494 68.830 
Wet-bulb temperature No. 4..... $9.21 70.01 71.353 71.892 68.654 68.965 
Calorimeter depression (differ- 
ence between items 4 and 5).. 18.19 14.205 12.722 12.235 19.681 19.760 
8 Difference between wet-bulb and | 
calorimeter temperature....... 0.295 0.285 0.195 0.152 0.160 0.135 
9 Ratio of wet bulb minus cal- 
orimeter temperature to calori- 
meter depression (item 87). 0.016 0.020 0.015 0.012 | 0.008 0.007 
10 Item 9 corrected for difference in 
Keahtwauvedecwescaeeees 0.01606 


Noake wb re 


0.02018 0.01527 0.01239 0.00853 





0.00771 
Temperature difference due to impact = 0.3 X 0.047 X velocity pressure. 
dt’ 

ry = 0.3 at t’ = 69 to 70 deg. fahr. 


0.047 = temperature difference (thermometer No. 3-thermometer No. 4) with dry-bulb 
thermometers due to difference in impact at 1 in. velocity pressure. 


, 


bulb, 0.25p7 This, however, would have no effect upon the calculated 


absolute humidity, but only on the temperature and consequent relative 
humidity. 

81 The type of psychrometer which lends itself to the most accurate determin- 
ations is the Aszmann aspiration psychrometer! shown in Fig. 14. Here the air 
is aspirated through two tubes containing the wet and dry-bulb thermometers. 
The wet-bulb temperature is brought to a minimum by the use of an atomizer. 
This serves also to moisten the inner surface of the enveloping tube, thus 
cooling it and preventing radiation. In this type of psychrometer it should 
be noted that the impact of the air upon the thermometer bulbs largely neutral- 


izes the reduction in pressure, producing the velocity as demonstrated in 
experiment No. 1. 





1 For full description see Zeitschrift fir Instrumentenkuade, January 1892. 
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82 Experiment No. 8. The purpose of this experiment was to demonstrate 
principles C and D in Pars. 30 and 31. A modified form of the evaporation 
calorimeter as shown in Figs. 5 and 6 was used. The air was first passed 
through two layers of moistened sponge, bringing it very close to true adia- 




















Fic. 14 ASPIRATION PsYCHROMETER 


batic saturation. Its temperature was then taken alternately with a wet- 
bulb and a dry-bulb thermometer, and simultaneous readings were taken 
with thermometer No. 4, the error of which had been established. It was 
found very difficult to obtain consistent readings to the degree of accuracy 
desired, on account of the extreme lag of temperature in the calorimeter thus 
constructed. On this account it was found necessary to maintain the tempera- 
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ture constant at No. 4 by continuous hand regulation at the fan inlet and 
continuous observations of thermometer No. 4. It was found possible in this 
way to prevent a variation of more than 0.05 deg. Results showed the tem- 
perature in the calorimeter with a wet bulb to be a little lower than a No. 3 
when a dry bulb was used, owing to slightly imperfect saturation. This test, 
therefore, did not agree exactly with the results of experiment No. 2. It 
appeared to be possible, however, for the water on the wet bulb in experiment 
No. 2 to be cooled to alower temperature than that of adiabatic saturation, and 
it is necessary, therefore, to attribute this slight discrepancy to some source 
of error in the temperature of the air in experiment No.3. Three explanations 















TABLE 5 COMPARISON OF WET-BULB TEMPERATURE WITH SATURATION 
TEMPERATURE WHEN PASSING AIR THROUGH WET SPONGE 
IN CALORIMETER, PRESSURE 0.25 IN. 









No. 3 


No. 1 No. 2 
Dry-Bulb Temperature Wet-Bulb Temperature P nent Difference 


61.80 



































81.75 61.95 61.85 0.10 
81.75 62.00 61.85 0.15 
81.75 62.05 61.90 0.15 
81.75 62.00 61.90 0.10 


61.90 


62.65 








81.75 62.60 62.65 0.05 
81.75 62.65 62.65 0.00 
81.75 62 65 62.625 0.025 
81.75 62.65 62.65 0.00 
81.75 62.60 62.625 0.025 
81 75 62.65 62.65 0.00 
81 75 62.60 62.625 0.025 
81 75 62.65 62.65 | 0.00 
81 75 62.60 62.65 0.05 
81.75 62.65 62.625 0.025 
81.75 62.70 63.65 





are possible: (a) the air being thoroughly saturated before entering the tube 
of the calorimeter, its temperature would easily be increased with any slight 
adiati on due to imperfect insulation, especially since air delivery was greatly 
educed by the resistance of the sponge; (b) at the time the readings were taken 
the outside was always beginning to get dry, due to the very long time required 
to bring the temperature of the calorimeter to a minimum, during which the 
cloth on the calorimeter would begin to dry and require moistening, resulting 
in a momentarily increase of temperature; (c) the possibility of some parts 
of the sponge becoming dry and conducting a slight amount of heat to the wet 
portions. 

83 The agreement of these tests, however, is quite sufficient to warrant 
fully the acceptance of the fundamental principles previously stated. It is 
also made evident that the reading of the wet-bulb thermometer properly pro- 
tected from radiation as in experiment No. 2 is a most practicable and accurate 
method of determining the temperature of adiabatic saturation. 


APPENDIX No. 3 
PROOF OF FORMULA [5] 


_ 5284 (t+ 459.64) Ds 


G 
P-e 





84 In this equation 


G = grains of moisture per lb. of pure air at saturation 

t = temperature of saturation in deg. fahr. 

t + 459.64 = absolute temperature 

Ds = density in lb. per cu. ft. of saturated water vapor at temperature ¢ 
= reciprocal of specific volume of steam 

a 29.92 = assumed standard of barometric pressure in in. of mercury. 

é€ = vapor pressure of saturated water vapor 

5284 = constant of the equation 


85 According to the law of gaseous mixtures the total pressure is equal to 
the sum of the gaseous pressures of the component parts, and the weights of 
the two components are in proportion to the products of their respective pres- 
sures times their specific weights 


Wi of P11 Si 
W2 Pa Se 


For a mixture of 1 lb. of air and water vapor saturated at a given tempera- 
ture, therefore 


we = ae Ps or W i __SwPs__ > or W Sw Ps 
1 1 (P— pg)’ o Pegl i1@-»a’ ">. + 


where 


Weight of air = 1 lb. 
Specific weight of air = 1 
(P—ps) = total barometric pressure in lb. per sq. ft. 
W, = weight of saturated water vapor in 1 lb. pure air 
Ps pressure of saturated water at given temperature ¢; in lb. 
per sq. ft. 
Si specific weight of water vapor at temperature ¢, compared 
with air at same temperature and pressure; pz or e. 
W weight of moisture vapor in mixture containing 1 lb. pure air. 
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where 
V, = specific volume of saturated steam (volume of 1 lb.) at a 
given temperature, ¢ 
Pressure eV, = specific volume of air at the same pressure and temperature 


D, = density of saturated steam in lb. per cu. ft. at temperature ¢ 
But we have for air 


P 
— = §3.3 
. 53.35 


t + 459.64 
Ps 


Va = 53.35 ( 


Therefore 


Si 





53.35 Cs (t + 459.64) 
= - Ds 
8 


Hence, substituting in [34] 
53.35 (t + 459.64) 
(P — p) 
G = 7000W 
(P — e) in. mercury = (144 X 0.4908) (P — p) lb. per sq. ft. 


W= 





Hence 


5284 (t + 459.64) Ds 


. (P — e) 





APPENDIX No. 4 


DERIVATION OF FORMULA [6], GIVING THE EQUATION OF THE ADIABATIC 
SATURATION LINE 


r’ (W’ —W) = Cpa (t — t’) + Cys W tt — t’) 


86 Assuming 1 lb. of pure air having the temperature ¢ containing W lb. of 
moisture with the corresponding dew point ¢;and vapor pressure e; having a 
resultant adiabatic saturation temperature of t’, assume also a moisture incre- 
ment dW under adiabatic conditions resulting in a temperature increment of 
—dt. This moisture increment dW is evidently evaporated at a vapor pressure 
é, corresponding to temperature ¢,; and superheated to temperature t. The 
temperature of the liquid is evidently constant at temperature ¢’, from prin- 
ciple C. The total heat of the vapor in the increment is HidW + Cps (t-t:) dW, 
where H, is the total heat of steam corresponding to temperature ¢, and 
vapor pressure é;, and C'ps (t-t,) dW is the heat required to superheat from satur- 
ation temperature ¢, to dry-bulb temperature t. The heat of the liquid evapor- 
ated, however, is g’dW corresponding to temperature of saturation ¢’. 

87 The total heat interchange required to evaporate dW under these condi- 
tions is therefore 


The change in sensible heat of 1 lb. of :ir and W lb. of water vapor due to 
the temperature increment —dt is 


Since the change is adiabatic these values may be related by the equation 
Hi — q' + [Cys (t — th) |] dW — (Cpa + WCps) dt = 0 


WwW’ t’ 
f {Hi — q’ [Cys (¢ — ts) ]} dW = f (Cpa t+ WCps) dé 
W 


in which H; and ¢; are variables corresponding to the variable W while ¢ is a 
variable related to W by the different equation. A constant corresponding to 
t’ is q’ while Cps may be taken approximately as a mean between its values at 
t, and at t’ and Cps as a mean between its values at ¢ and at t’. The temper- 
ature of saturation is t’, and W’ is the corresponding moisture content at satu- 
ration. 

88 It is not necessary, however, to solve this equation in this form as this 
relationship may be simplified. 


{Hi - q’ -+ [Cys (t— ts) j}aw - {H —q't+ [Cps (t— ty) + (Cps (t— t’) }}aw.[44) 
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It may be shown thermodynamically, assuming steam to be a perfect gas, that 
Hi — q' + [Cys (t — th) ) = WH’ — aq’ =r’... 2.02.2 eee [45] 


89 This may also be demonstrated approximately for the range of tempera- 
tures under discussion by computation from the values given in the steam 
tables of Marks and Davis, as in Table 6: 


TABLE 6 COMPARISON OF ACTUAL VALUES OF r’ WITH VALUES OF r’ COMPUTED 
FROM THE TOTAL HEAT AT DIFFERENT TEMPERATURES t: 


t’ = 80 deg., r’ = 1046.7 


t’ ti Cps hi q’ (Computed) 






1090.3 : 1046.70 
0.44356 1085.9 48.03 1046.74 
0.44347 1081.4 48.03 1046.78 
0.44338 1076.9 48.03 1046.6 


Sees 
SSss 





t’ = 100 deg., r’ = 1035.6 





90 0.44401 . 
100 80 0.44392 1094.8 67.97 1035.7 
100 70 0.44383 1090 3 67.97 1035.64 
100 60 0.44374 1085.9 67.97 1035.67 
100 50 0.44365 1081.4 67.97 1035.81 
40 0. 44356 


t’ = 120 deg., r’ = 1024.4 












0.44419 1108.0 
120 100 0.44410 1103.6 87.91 1024.57 
120 90 0.44401 1099.2 87.91 1024.62 
120 80 0.44392 1004.4 87.91 1024.64 
120 70 0. 44383 1090.3 87.91 1024.58 
120 60 0.44374 1085.9 87.91 1024.50 
120 50 0.44365 1081.4 87.91 | 1024.54 





0.44356 1076.9 





r’ = Hi— q’ + [Cps (t’— td] 
H' = Hi + [Cps (t’ — ty)] 





Hence substituting in equation [43] 


Ww’ Ww’ t t 
rf aW+ Cp J (0) dW Cpe | Hat + Cp ( Wat....[46] 
W W t’ 


Ht’ 


ow’ reg : t 
r' (W’—W) + crs | | J dt | dW = Cog (t — t’) + Cos w | dt 
W “4 t’ 
*t ~ WwW’ 
+ Cn | | { aw | a eee litle [47] 
i 


r’ (W’ — W) = Coa (t — t’) + Cos W (t — t’).....0 2-000 [48] 
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90 The same result may be obtained by equating the total heat in the air 
in any state with its total heat when in the state of adiabatic saturation. The 
total heat in a mixture of 1 lb. of pure air and saturated water vapor at a tem- 
perature ¢’ calculated from a base temperature of 0 deg. fahr. and deducing 
the heat of the liquid,g’, which as we have shown is unaffected by the adia- 
batic change, is 

ea WE vii cdkeniseeeciciasecacent [49] 


91 The total heat under any other adiabatic condition, where tempera- 
ture is ¢t and moisture W, is 


z= Cpa t+ (Ai — mu) + Cps (t’ —t) 1] W Cocccosercevere 


which is substantially equivalent to 


== Cpat+r’ W + Cos (t — t’) _ SE ee eee [51] 

Therefore since the change is adiabatic we may equate [47] and [49]. 
Coat+r’W+ Cos (t — t’) W= Cpat’ +r’ WwW’ eoccccccccce [52] 
Coa (¢— t’) + Cos ((-— t') W=r’ (W’—W)............. [53] 


where 
(t-t’) = the true wet-bulb depression 
(W’—W) = the moisture absorbed per lb. of pure air when it is adiabati- 
cally saturated from an initial dry-bulb temperature ¢,. and an 
initial moisture content W 
mean specific heat of air at constant pressure between tempera- 
ture ¢ and t’ 
Cys = specific heat of steam at constant pressure between ¢ and t’ 
r’ = latent heat of evaporation at wet-bulb temperature t’ 
This is identical with equation [20] obtained by the differential method. 


Cpa 






















TEST OF AN 85-H.P. OIL ENGINE 
By Forrest M. Tow. 
ABSTRACT OF PAPER 


The paper describes a test of a DeLaVergne oil engine, FH type, operating 
an oil pump, and one of the same engine under the same conditions but with 
the load applied by a prony brake instead of a pump. The object of the test 
was to find the friction of the pump and gearing and the efficiency of the plant. 
Data of test and results of computations are given. The pump.and transmis- 
sion efficiency were 92.1 per cent, the total station efficiency, 25.52 per cent, 


and the duty per 1,000,000 B.t.u., 198,664,000. 
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TEST OF AN 85-H.P. OIL ENGINE 


By Forrest M. Towt, New York 


Member of the Society 


A test of a De La Vergne oil engine, FH type, was made at the 
pumping station of the Standard Oil Company, Fawn Grove, Pa., 
on April 20 and 21, 1911. The engine was one of the regular 85-h.p. 
machines, built by the De La Vergne Machine Company, New York, 
cylinder 17 in. by 273 in. and running, as installed at Fawn Grove, 
at about 180 r.p.m. 

2 This type of engine operates on the well-known Beau de Rochas 
cycle. The successive operations take place in much the same man- 
ner as in the ordinary 4-cycle gas engine, except that the fuel is 
injected into the cylinder at the completion of the compression stroke 
instead of being drawn in gradually as in the gas engine. Figs. 1 
and 2, an exterior view and a longitudinal section, show the relation- 
ship of the various parts and the internal construction. Fig. 3 shows 
the engine and pump as installed, with clutch connection. 

3 The charge of air is drawn into the cylinder through the inlet 
valve A (Fig. 2), and during the compression stroke which follows is 
forced into the small combustion chamber at the rear end of the cyl- 
inder, where it is compressed to about 300 lb. per sq. in. 

4 A valuable feature of this engine is the high thermal efficiency 
without excessive cylinder pressure. The highest pressure after 
ignition is approximately 500 lb. per sq. in. 

5 Fuel is preferably stored in an underground tank. from which 
it is raised by a small rotary pump driven by t'.e engine to a minia- 
ture standpipe. An oil pump withdraws it from the standpipe and 
delivers it at high pressure to the spraying device, whence it is pro- 
pelled into the cylinder at the proper moment in a highly atomized 
state. 


Tue AMERICAN Society or MECHANICAL ENGINEERS 29 West 29th Street, 
New York. All papers are subject to revision. 
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6 The spraying nozzle is designed especially with a view to mak- 
ing derangement impossible. The oil and compressed air are admit- 
ted on opposite sides of a sleeve which encloses the needle-valve pin. 
On the surface of the sleeve is cut a series of diagonal grooves and 
channels through which the oil and air are forced to pass. In this 
way an extremely minute subdivision of the particles of oil and a 
most intimate mixture with the air are obtained. The needle valve 
by which the charge is admitted into the cylinder is about 3 in. in 
diameter, and with its appurtenances, is so arranged that the whole 
may be instantly withdrawn for inspection at any time. 














Fic. 1 Exterior View or 85-H.p. De La VerGne Ow Enaine, Type FH 


7 The air for spraying the oil is supplied by a two-stage air com- 
pressor, shown at C, Fig. 2, driven by an eccentric on the engine 
shaft. The air compressed by the first stage is stored in a tank at 
about 150 lb. pressure, and is utilized for starting the engine. The 
second stage of the compressor is quite small and handles only sufli- 
cient air to effect the spraying of the oil from stroke to stroke. The 
amount of air drawn in by the second stage is controlled by the engine 
governor to suit the various charges of fuel. 

8 Ignition of the charge is effected by means of the vaporizer or 
hot cap shown at D, a device consisting of a massive gun-iron thimble, 
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heavily ribbed on the inside to increase its radiating surface. It is 
located on the side of the cylinder head and opens directly into the 
combustion chamber, across which and into the vaporizer the charge 
of fuel is injected. By this device the fuel is ignited as soon as the 
spraying valve is opened, and it is therefore possible exactly to time the 
point of ignition. As the fuel is not introduced into the cylinder 
until the moment of ignition, a relatively high compression may be 
had without the possibility of back-firing. The vaporizer must be 
heated by a blast lamp for a few minutes before the engine is 
started; but this may be removed as soon as the engine is in operation. 


Fig. 2 LonairupINnaL SEcTION oF O1L ENGINE 


9 Before shipment the engine was tested and developed a brake 
horsepower with 0.474 lb. of Solar fuel oil per hour when running at 
65.11 b.h.p., and 0.462 Ib. when running at 85.74 b.h.p. 

10 In order to obtain as accurate data as possible, not only of the 
engine but of the combined pumping plant, it was decided to make a 
second brake test at Fawn Grove with the engine doing practically 
the same work as when pumping, and to ascertain as accurately as 
possible the ratio between the b.h.p. and the pump h.p. 

11 In preparation for the test, a Government sealed platform 
scale, weighing to single ounces, was procured for weighing the oil. 
The water for cooling purposes was taken by gravity from a tank and 
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allowed to waste, the amount used being computed from measure- 
ments taken. The inlet temperature was taken at the tank, and the 
temperature of the water after passing the jackets by placing a ther- 
mometer in the line near the engine. 

12 The amount pumped was ascertained by gaging the tank at 
Fawn Grove, and checked by gaging the tank into which the oil was 
pumped. The pressure was recorded by a Bristol recording gage 
and also read on a special Ashcroft gage, the latter, on the completion 
of the test, being taken to New York and compared with the standard 
gage of the company, which is graduated from a mercury column, sit- 
uated in the Standard Oil Building, high enough to give direct read- 
ings up to 875 lb. per sq. in. The temperatures were taken with 
standardized thermometers, and the cards with a Crosby indicator, 
which was returned to the makers at the close of the test and found 
to be correct. 

13 The exhaust gases were tested on the ground by using an Orsat 
apparatus. Samples of the oil were tested for calorific power. The - 
average as obtained by one observer was 19,059 and this figure was 
used in working up the tests. Two tests were made by another ob- 
server and recorded 18,920 and 19,300 B.t.u. Prof. H. C. Sherman’s 
formula, B.t.u.= 18,650 + 40 (Baumé deg. —-10)! makes this 19,570. 
This formula is roughly applicable to all the American crude oils. 

14 No analysis of the oil was made, but for the purposes of chemi- 
cal calculations, it was assumed to be as follows: 



















Per cent by weight 





The accuracy of the method used in analysing the gases is not such as 
to warrant going to the trouble of making an analysis of the oil. 
By comparison with available analyses the above is believed to be 
substantially correct. 

15 In order to attach the Prony brake to the engine, it was neces- 
sary to remove the drag-link coupling between the engine and the 
friction clutch, thus running an extra shaft-bearing during the brake 


test. The brake had an arm 5 ft. 4 in. long and an unbalanced weight 
of 48 lb. 


‘Am.Chem.Soc., vol. 30, October 1908. 
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16 Three tests were made, the first, A, a full-load brake test; 
the second, B, a pumping test using the engine under the actual oper- 
ating conditions; and the third, C, without disturbing any of the en- 
gine adjustments, but simply substituting the brake load for the pump 
load, so that the oil consumption and speed were, as nearly as possible, 
the same. By comparing B and C it was thought that the friction of 
the pump could be more accurately ascertained than in any other way. 

17 The duration of each test was 3 hours, and each hour checked 
so closely that it was considered unnecessary to continue the runs for 
a longer period. 

18 The air for spraying the oil was pumped by an attached com- 
pressor. There was no auxiliary machinery used, the cooling water 
being delivered by gravity. 

19 The number of revolutions per hour was obtained by using 
an Ashcroft counter. During test B the counter was on the pump 
and the revolutions were computed in the ratio of the gearing; during 
tests A and C the counter was connected direct to the engine. The 
resistance of the pump load, test B, was so constant and the regula- 
tion of the engine so good, that the number of counts recorded for 
each hour was the same. The fuel consumed for the first hour was 
31 lb. 2 oz., the second, 31 lb. 3 oz., and the third, 31 lb. During the 
brake test C the number of revolutions recorded was respectively 
10918, 10916 and 10919. The fuel consumption for the above hours 
was 31 lb. 6 oz., 31 lb. 8 oz., and 31 lb. 4 oz. 

20 The following chemical computation was made in connection 
with test C, and is based on the analysis previously given, assuming 
that all of the oil was burned. 


Oxygen for hydrogen combustion 
Oxygen for carbon 


Total oxygen 
Air used for combustion 
Excess air (165.2 per cent) 
Hydrogen burned 
Carbon burned 


21 For comparison with other pump tests the duty per 1,000,000 
B.t.u. is given. This duty is, however, based on the heat units in 
the oil and not on the heat units delivered to the engine in the steam, 
as is the customary duty of a steam pumping engine. 
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22 It may be interesting to compare this duty with that obtained 
by Professor Denton in his test of the Laketon pumping engine,! 
as oil fuel was used during that test. The fuel used at Laketon 
contained, by Professor Sherman’s formula, 19,770 B.t.u. The evap- 
oration, test 5, was 16.64 lb. from and at 212 deg. This makes the 
boiler efficiency 81.3 per cent. The engine performance was 124,- 
375, 834 ft-lb. per 1,000,000 B.t.u., or 15.985 per cent, and the total 


\ 








Fie.4 Typicat Inpicator Diagram, Test A 
180 r.p.m.; 89 m.e.p.; 126 i-h.p. 


| 
| 
Fig. 5 Typicat Inpicator Diagram, Tests B anp C 
182 r.p.m.; 68 m.e.p.; 98 i.h.p. 





efficiency of the plant was 13 per cent, as against 27.75 per cent for 
the engine and 25.52 per cent for the plant obtained from the present 
tests. Professor Carpenter’s test of the North Point, E. P. Allis 
«& Company pumping engine, if figured at the same boiler efficiency, 
would give a plant efficiency of 14.38 per cent. The Standard Oil 


'‘ Trans.Am.Soc.M.E., vol. 14, pp. 1349 and 1373. 
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Company of Louisiana have 12 of this same type of engine. Tests 
of two, made at Flora, La., by James Anderson, Jr., show that the 
engines developed a pump horsepower with 0.545 and 0.5205 lb. of 
crude oil per hour respectively. 

23 After the engine at Fawn Grove was tested, several adjust- 
ments were made and resulted in the development of a pump horse- 
power with 0.48 lb. of oil per hour. 

24 Fig. 4 shows a typical indicator diagram for test A; Fig. 5, a 
diagram for tests B and C. The details of the test are as follows: 


HORSEPOWERS 


Test number A B C 
EE ee ae 4/20/11 4/21/11 
9.00 a.m. 2.00 p.m. 9.00 a.m. 

12.00 m. 5.00 p.m. 12.00 m. 

Duration, hr 3 3 3 

Average r.p.m 182.5 181.96 

Average m.e.p. of cards, lb. persq.in.. 86.14 65.6 65.85 

I Be cer iiss coc cescceses 123.14 94.2 93 .36 

Prony brake load, Ib.................. 465.00 350.00 

SS ee eee 560.00 445 .00 

PG Sisk viswebe vse cticates 85.86 64.57 64.68 

(computed) 

Pressure pumped against lb. persq.in............... 570.00 

Gage bbl. pumped 42 gal. per bbl 769.14 

Average gage bbl. per hr 256 .38 

Pump h.p. by piston displacement................. 60.143 

Pump h.p. by actual gage bbl. pumped 59.48 


EXHAUST 


r 


SNES Sk. pathos da ee wes A 
Temperature of gases, deg. fahr .... 678 
Average Analyses 
COs:, per cent 
CO, per cent 
J SE a ee eee 
N, per cent 
Specific heat 
Amount of gases 
By calculation of displacement, 70 
deg. fahr. lb. per hr 1455.00 1491.00 
If temperature were same as jacket 
GE eset IS, Sess 1220.00 
From chemical test (Par. 20) 1208 .00 


*I.h.p. probably high due to the momentum of indicator parts. This accounts for compara- 
tively low mechanical efficiency shown in a table which follows. 
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JACKET WATER 


(Capacity of tank 39.429 gal. per in. depth) 






Test number.......... a ver ; A Cc 












Inches used from tank .... ie 18 12y% 
Total gal. used........... = 709.7 490.4 
Average lb. perhr........... ne . 1971.0 1362.0 
Average lb. per. b.h.p-hr.. ; Rep Sagi 22.97 21.05 
Average inlet temperature, dus, fahr 68.7 71.3 
Average outlet temperature, deg. fahr. . . 193.3 187.3 





HEAT BALANCES 















Test number....... 55 ena on Geb le A B Cc 
Input, B.t.u-hr........... ihws Dae oie . 815,153 592,813 597 ,976 
Engine useful work 

PLS eains ty Yao ts ale ee, ed 218,514 164,331 164,610 

se Vik aes cb la Re eeu 26.8 27.75 27.52 
Loss in cooling water 

ITS ees bs. cas iS ve 5 ee FERRE: 246,375 158,673 

NG os eee hant ssc ecubwees Sess 30.2 26.5 
Loss in exhaust 

I oo fae ven cde s toeasantdece , 119,520 


A ee eee Per ere er ee 20.03 















Pg isiss cena eos seen ee ee ek 155,173 

ee eer rr ie eee 25.95 
K.t.u. per hr. in cylinder work.......... ... 313,391 239,739 240,046 
B.t.u. per hr. in useful seeegnonn output 

of station. . - Ren sos 151,376 
8.t.u. per hr. input 7 per rb. h. Pe oa Te 9,491 9,186 9,244 
(calculated) 

B.t.u. per hr. input per pump h.p.. pelts 9,987 
Duty, ft-lb. per 1,000,000 B.t.u. ee 198,664,000 


(based on oil pumped per actual gree) 






EFFICIENCIES 









Rs dig scaits wanstere Medan ie ba A B C 
Engine efficiency 
pS re ee 38.4 40.45 40.2 
Mechanical, per cent*................... 69.71 68.55 68.55 
(assumed same as test C) 
Te ee ree 26.8 27.75. 27 .52 
Pump ; 
Volumetric, per cent.................. ; 98.9 


Pump and transmission, percent......... 92.1 





TEST OF AN 85-H.P. OIL ENGINE 


FUEL CONSUMPTION 


Test number 
. of fuel per hr 
. of fuel i.h.p. per hr 
poe Tees Ow. OP BF... c 5.8... 
. of fuel pump h.p. by displacement 
. of fuel pump h.p. per hr. by gage bbl 


ENGINE DATA 


Governor lift, in 

Air pressure in tanks, lb., per sq. in 
Regulation full load to no load, r.p.m 
Compression, lb. per sq.in 


ei ie ll hah eek beens ana eeneens 
Cylinder oil 
j, Lb. per hr 
Lb. per 100 b.h.p. per hr 
Engine oil 


FUEL OIL CHARACTERISTICS 
Illinois Crude Oil 


Baumé 33 deg.fahr. specific gravity 
Flash point 35 deg.fahr. burning point 
Heating value 19,059 B.t.u. per lb. per test 

19,570 per Professor Sherman’s formula 


B Cc 
31.1041 31.375 
0.331 0.333 


tencidescesavcs See 0.485 


0.5171 


182-186 


B C 


0.6875 0.9375 
1.0625 1.445 
2.76 


0.863 
65 deg. fahr. 











STRAIN MEASUREMENTS OF SOME STEAM 
BOILERS UNDER HYDROSTATIC PRESSURES 


By James E. Howarp 
ABSTRACT OF PAPER 


Hydrostatic tests were made upon two horizontal tubular boilers which 
had been in service for a period of 27 years. Gaged lengths were established 
on different parts of the boilers by means of holes 10 in. apart and about 
0.05 in. in diameter, reamed to a conical share. The deformations of the 
boilers at different pressures were de‘ermined by a 1C-in. micrometer strain 
gage with conical points to fit the reamed holes laid out on the boilers. The 
paper gives by means of diagrams and illustrations the strains occurring at 
the locations where measurements were taken; and for the sake of compari- 
son, stresses were computed using a modulus of e'asticity of 30,000,000 Ib. 





STRAIN MEASUREMENTS OF SOME STEAM 
BOILERS UNDER HYDROSTATIC PRESSURES 


By. James E. Howarp,! Wasnineton, D. C. 
Non-Member 


The object of these tests is to ascertain the condition of the metal 
of the shell and other parts of two horizontal tubular steam boilers 
which had been in use for a term of service of unusual length; and in 
addition thereto to acquire information on constructive details by 
means of measured strains. 

2 The boilers were contributed for investigative purposes by 
the treasurer of the Kendall Manufacturing Company, Providence, 
R. I., the late Nicholas Sheldon, Esq. They were of early manufac- 
ture and from their remarkable history and present condition were 
of special value for these tests. They were made by the Whittier 
Machine Company, Boston, Mass., using “Benzon” brand of steel, 
and were put into service March 1881. They were in continuous 
service for a period of 27 years, during which time, as Mr. Sheldon 
wrote, “no repairs were required; in fact, not one cent has been spent 
upon them.” 

3 They consisted of five course boilers, two sheets to a course, 
having the following general dimensions: 

RRS RS ARES eae 

Length, over dry sheet 

Thickness of shell.................. 

Thickness of heads te a ’ By 2 ohtu 

TI» 55 55)5 bus Luc Bit Saabs da'a-c.d ole'dbid Ting Wile be ph 

i aie, lias «med etiamay  serk Gain weiie do kek 

Length of tubes 

Diameter of dome 

Longitudinal seams, double-riveted lap joints, 3-in. rivets, 2-in. pitch, punched 
holes, rows 2} in. apart, rivets staggered. 

Girth seam, }-in. rivets, 2}-in. pitch. 

Heads stayed, each, with 14 braces. 

Cast-iron manhole frames and safety-valve nozzle. 

Supported by lugs, three on a side. 

The feedwater came from the Pawtucket River. 


' Engineer-Physicist, Bureau of Standards, Washington, D. C. 


Tue AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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4 The hydrostatic tests were made at the W. H. Hick’s Boiler 
Works, Providence. Mr. Francis B. Allen, Vice-President of the 
Hartford Steam Boiler Inspection & Insurance Company, assisted 
and advised with the writer in conducting them. The boilers will 
be designated by the numbers 4084 and 4092 under which they were 
carried on the books of the Hartford company. 

5 The tests began with strain measurements upon different 
parts of the boilers as they were subjected to successive increments 
of hydrostatic pressures. The results of this portion of the inquiry 
are now available and herewith presented. Much remains to be 
done in the other direction of testing, pertaining to the physical 
properties of the materials. 

6 Measurements of the deformations of engineering structures, 
whether steam boilers, bridges or buildings, may be expected to de- 
velop information of a kind not attainable in the tests of the com- 
ponent parts of those structures. A comparatively new field of 
inquiry is presented in the tests of structures over the tests of the 
materials thereof. The effects of combined stresses may readily 
be studied in this manner. 

7 No more simple type of boiler could be chosen than the plain, 
horizontal, tubular boiler of these tests, yet it will be seen from the 


results that complexity of strains and stresses are found in most 
parts of the shell. In comparatively few places are tangential 
strains displayed corresponding in magnitude to those which would 
be expected in a thin cylindrical shell subjected to a given interior 


pressure. 

8 Ascertaining the deformations by the method of measured 
strains, locally determined, consists of establishing gaged lengths on 
different parts of the boiler and then measuring them initially and at 
intervals as the hydrostatic pressures are successively applied and 
released. 

9 Gaged lengths of 10 in. each were used in the examination of 
these boilers. Their extremities were defined by small drilled and 
reamed holes. The holes are about 0.05 in. in diameter by, say, 0.10 
in. deep, and reamed to a conical shape. The angle of the reamer 
is 65 deg., and the distance across the hole at the surface of the shell 
sheet about 0.08 in. 

10 Such holes carefully made, in metal surfaces, are capable of 
centering with considerable precision the contact points of the mi- 
crometer strain gage. The strain gage is used as a transfer instrument 
to compare the gaged lengths on the work with a corresponding length 
on a standard reference bar. 
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11 Fig. 1 shows the 10-in. strain gage used on these tests. It 
consists of two principal parts, an outer tube and an inner stem, which 
are telescopic, working on ball bearings. Each part carries a coni- 
cal contact point for centering the instrument on the reference bar 
and on the work. A screw micrometer measures the length of the 
instrument when in position. 

12 The conical contact points of the strain gage have an angle of 
55 deg. This difference of 10 deg. between the reamed hole in the 
boiler shell and the points of the gage secures contact at a short dis- 
tance below the surface of the she!l. Ordinarily the reference holes 
‘ are safe against accidental injury, due to their position. 

13 As to the degree of precision attained with the strain gage, in 
the hands of skilled manipulators and under favorable conditions, 
such as were experienced with these boilers, it is believed the readings 
are generally reliable to one ten-thousandth of an inch. This strain 
corresponds to a stress of 300 Ib. per sq. in. on a 10-in. gaged length, 














Fig. 1 10-In. Strain Gace 





using a modulus of elasticity of 30,000,000 lb. Fig. 2 shows boiler 
No. 4084. Both boilers were of the same dimensions except at the 
dry sheets. When on their settings, boiler No. 4084 was on the 
right, boiler No. 4092 on the left side. ‘This view shows the locations 
of some of the gaged lengths which were established on this boiler, 
taken in both tangential and longitudinal directions. 

14 A more comprehensive series of lengths was established on 
boiler No. 4092, and the general discussion of the results of the strain 
measurements will be given in connection with the test of that boiler. 

15 In the test of No. 4084 greater strains were displayed in the 
vicinity of the dome and the manhole frame than at other parts of 
the shell. This resulted, as would clearly be expected, in the early 
failure of the boiler at those places. 

16 Actual rupture of the dome was not accomplished, but leakage 
along its single-riveted longitudinal seam became so great at 266 lb. 
pressure that it was necessary to remove the dome and patch the 
shell in order to reach higher pressures with the pump available. 
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17 At 270 lb. pressure the cast-iron manhole frame fractured 
across the middle of its length. Another patch was then put on the 
shell covering the manhole. 

18 The test was again resumed when at 295 lb. pressure the rupture 
of three braces of the front head occurred. The test was then dis- 
continued and the boiler dismantled. 


Fic. 3. INTERIOR OF Dome SHOWING LINES ALONG WHICH SCALE was Dis- 
TURBED AFTER PRESSURE OF 266 LB. ON SHELL 


19 The strain measurements made in the test of No. 4084 were 
of the same general order as those subsequently made in the test of 
the second boiler and the results were, for the most part, quite similar. 

20 A feature, however, in the test of the first was absent or obscure 


TABLE 1 TANGENTIAL EXTENSIONS OF THE SEAMS, BOILER NO. 4°84 


Course 
Pressures | 
B C D } E 


0.0166 0.0121 0.0099 0.0084 
0.0241 0.0171 0.0138 0.0121 
0.0341 0.0241 0.0212 0.0187 


in that of the second. There was a progressive difference in the exten- 
sibility taken across the longitudinal seams of the several courses 
in passing from the front to the rear end of the boiler. 

21 The tangential extensions of the seams, at the middle of their 
lengths, were as shown in Table 1. 
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22 While these seams were not directly exposed to the heated gases 
over the grate, nevertheless it seems probable that a wider range of 
thermal conditions prevailed in the vicinity of the seams at the front 
end over those at the rear end of the boiler. If such was the case it 
would aid in explaining the greater slip of the forward seams. 


Fic. 4 InTERIOR VIEW OF BoILer No. 4084 arrerR 295 Ls. PRESSURE SHOWING 
ScaLE DISTURBED IN VICINITY OF THE LONGITUDINAL SEAMS 


23 Hydrostatic pressures on the exterior surfaces of the tubes 
necessarily extend them in length. The amount of the extension 
appears to depend upon their position with reference to their proxim- 
ity to the shell. Tubes adjacent to the shell extended less than those 
at the middle of the rows, a restraining influence from the shell appear- 
ing to affect the outer ones. 

24 ‘The results in Table 2 were obtained by measuring the tubes 
over their full length. 

25 Practically no leakage occurred about the tubes throughout 
the test of this boiler. A slight leakage took place at two tubes at 
120 lb. pressure, but soon ceased and was not renewed during the 
remainder of the test. The girth seams remained tight up to 210 
lb. pressure, and then showed only small leaks which were not mate- 
rially increased under the higher pressures. 

26 Leakage at the longitudinal seams began at 120 lb. pressure 
and increased as higher pressures were applied. The leakage became 
general at these seams with 180 lb. pressure on the boiler, but at 
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this time the slip of the joints had become a pronounced feature of 
the case, which necessarily disturbed the calking. 


TABLE 2 EXTENSION OF TUBES, BOILER NO. 4084 





Tarp Row Seventa Row 


Next Shell Middle of Row 





Next Shell Middle of Row 













0.0110 0.0162 0.0077 0.0167 
240 0.0128 0.0184 0.0086 0.0189 
270 0.0142 0.0210 0.0099 0.0210 


















27 Upon removal of the dome, evidence of overstraining was 
found at its base next the flanged portion. The scale had been dis- 
turbed on the inside on the line and in the vicinity of the upper 
element of the boiler, as shown in Fig. 3. Near the flange the scale 
was disturbed in oblique, shearing directions, which changed to longi- 
tudinal and then tangential directions a little farther up the dome. 


» 
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Fic. 5 Interior View or Borer No. 4084 .arrer 295 Ls. PRESSURE 
SHOWING ScaLE DISTURBED IN VICINITY OF THE LONGITUDINAL SEAM AND 
UNDER SUPPORTING LuG 







28 Figs. 4 and 5 are interior views of the boiler illustrating the 
manner in which the scale was disturbed during the test in the vicin- 
ity of the longitudinal seams and under one of the lugs. ; 

29 Struts were used under the middle lugs and supported Ca¥ part 
of the weight of the boiler during the test. ‘They probably intensi- 
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fied the stresses in the shell in that vicinity. The interior surface of 
the shell and also the heads were found in good condition. Fig. 6 
shows the appearance of the inside of the rear head. 

30 A series of six photographs, Figs. 7 to 12 inclusive, shows the 
appearance of the exterior surfaces of the tubes. The system of let- 
tering and numbering the horizontal and the vertical rows is indi- 
cated in Fig. 6. The layout of the feed pipes appears on Fig. 13. 

31 Tubes in the horizontal row marked D, the fourth in the boiler 
from the top, Fig. 7, had a deposit on the rear third oftheir length, 
and also a slight deposit on the front ends. On some of the lower 
rows the deposit was thicker, as Figs. 8-12 indicate. In general 
the deposit was greatest in the lower rows of tubes and on those far- 
thest from the shell, being confined chiefly to the rear quarter or 
half of their lengths. The lower rows of tubes, at the front end of 
the boiler, had a deposit on them. The surfaces of the upper row 
and the side rows were clean without deposit. 

32 Material collected from the bottom of the boiler at the front 
and rear ends had the following chemical composition: 


Deposit from front end of boiler: Per Cent 
Loss at 105 deg. cent 


Magnesia 
Copper oxide (about) 


ee ey ee 


Deposit from rear end of boiler: Per Cent 
Loss at 105 deg. cent 9.65 
Loss on ignition 


Fe.0;+Al.0; 

en ett ee ot OE eS ts Due ee, ee a eee 
Magnesia 

Copper oxide (about)............ 

ta re tetas sooty tet a Wee aa Ci ek ee eke eo trace 
Cs okt he eke reese ese caae ls Ween ee ol teen small amount 


33 Prior to testing boiler No. 4092, it was stripped of its dome and 
manhole frame and the shell patched at those places. The head 
were strengthened by means of six 1}-in. braces extending from head 








JAMES E. HOWARD 1373 


to head. The cast-iron safety-valve nozzle was allowed to remain 
in place, but was eventually replaced by a soft patch, after 300 lb. 
pressure had been applied and released. The distortion of the shell 
under the flange of the nozzle caused leaks impracticable to calk. 

34 Fig. 14 shows the boiler when about ready for the hydrostatic 
test. It was supported on two wooden shoes sawed to fit the curva- 
ture of the shell, in lieu of the blocking shown in the illustration. 

35 The gaged lengths which were established on the right side 
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Fic. 6 InsipE or Rear Heap, Borer No. 4084, arrer 295 Ls. Pressure. 
LETTERS AND FIGURES REFER TO MARKS SHOWING LOCATION OF TUBES IN SuUB- 
SEQUENT PHOTOGRAPHS 


of the boiler are shown in this figure and practically stand for those 
on the left side, while additional ones were laid off on the top. Figs. 
15, 16 and 17 show, however, the different gaged length on each side 
and the top. Additional gaged lengths were laid off and measured 
which are not shown on these diagrams, the results of which confirmed 
those which will be referred to. There were 165 gaged lengths used 
in the principal series of observations, on which some 3300 readings 
were taken. 

36 The general results of the strain measurements have been 
plotted on a series of ten diagrams, Figs. 18 to 27, inclusive. For the 
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purpose of furnishing a convenient basis of comparison, in judging 
the behavior of the boiler at different parts and under different 
pressures, heavy lines have been drawn on each diagram which indi- 
cate strains corresponding to those which would be displayed by the 




















Peat] 40984 
Poesy ¢ 
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Fie. 13 Layout or Freep-Pipss 
Pipe A Discharged directly over Tubes of Row No. 5 at Rear End 
Pipe B_ Discharged directly over Tubes of Row No. 12 at Front End 


TABLE 3 COMPUTED STRESSES ON THE SHELL SHEETS, BOILER NO. 4092 


Boiler Pressure, Lb. Stress on j-In. Shell, Lb. Strain on Gaged Length 
per Sq. In. per Sq. In. 





30 2880 

60 5760 

90 8640 

120 11520 
150 14400 
180 17280 
210 20160 
23040 

270 25920 
300 28800 


sheets under direct tensile stresses, using a modulus of elasticity 
of 30,000,000 lb. per sq. in. Plotted curves, which are steeper than 
the modulus of elasticity reference line, indicate places on the boiler 
having greater rigidity than normal to the plain sheets; while flatter 
curves indicate greater extensibility than pertains to the plain metal. 

37 Tangential rigidity above the normal was displayed in the 
vicinity of the girth seams, while the gaged lengths taken across the 
longitudinal seams at the middle of the length of the courses showed 
i much lower degree of rigidity than common to the plain sheet. 
Zones of greater extension than normal were also found in the vicinity 
of the manhole and dome. 
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38 Flattening of the curves representing the solid sheets neces- 
sarily accompanied those pressures, which caused a tensile stress on 
the shell in excess of its elastic limit. 

39 Table 3 shows the computed stresses on the shell sheets, con- 
sidering only tangential stresses as acting, and the strains which should 
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Fie. 15 Dracram sHow1ne Location or GAGep LEeNnerTss, 10 IN. EACH, 
Laip Orr on Ricut Sipe on Boiter No. 4092 
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Fic. 16 DiaGrRaM sHOWING LocaTION oF GaGED LENGTHS, 10 IN. EACH, 
Larp Orr on Lert Sipe or Borizr No. 4092 











be developed on a gaged length of 10 in., using a modulus of elastic- 
ity of 30,000,000 Ib., the interior diameter of the boiler being 72 in. 

40 Referring now to the plotted results, Fig. 18 shows the tan- 
gential extensions of sheets C and D on the right and left sides of the 
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boiler respectively, taken at the middle of the lengths of the courses. 
Gaged length D-18, on the right side of the boiler, was located above 
the longitudinal seam, while C-16, on the right side, was located below 
the longitudinal seam. 
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. 17 DitaGRAM SHOWING LOocATION OF GAGED LENGTHS, 10 IN. 
Lap Orr on Tor or Borer No. 4092 
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STRAINS iN INCHES 


18 Curves oF TANGENTIAL EXTENSION, SoLip SHEETS, AT MIDDLE 
oF LENGTH OF CouRsEs C AND D, Ricut AND LEFT SipEs or BoILeR 


41 The tangential extensions of each of these gaged lengths closely) 
follow the modulus of elasticity comparison curve. The departure 
of D-18 from this line does not exceed 0.0002 in. at any pressure, an 
coincides with it at several pressures. The extensions displayed by 
the gaged lengths on the opposite side of the boiler agreed fairly wel! 
with the modulus of elasticity reference line also, but not so closely 
as the results found on the right side, while rapid extension took 
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place one increment of pressure earlier than on the right side. So 
close a correspondence between the measured and the computed 
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Fic. 19 Curves or TANGENTIAL ExTENSION, SoLip SHEETS, NEAR GIRTH 
SEAMS AND AT MIDDLE oF LENGTHS OF COURSES 
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Fic. 20 Curves or TANGENTIAL ExTENSION, Souip Sueets, ENp Course 
FE, NEAR ReAR Heap, Girtx SEAM, AND MIppLE or LENGTH or CouRSE 


strains as shown on this diagram did not, however, characterize many 
places on the shell. Commonly there were modifying influences which 
disturbed the normal display of elastic extensions of the metal. 
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42 Fig. 19 shows that the tangential strains near the girth seams, 
D-5 and D-9, were less than at the middle of the course. In general 
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Fic. 21 Curves or TANGENTIAL EXTENSION, TOP OF BOILER, NEAR FRONT 
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Fig. 22 Curves or TANGENTIAL EXTENSION, ACROSS LONGITUDINAL SEAMS, 
aT MippLeE or LENGTH oF CouRsE C, AND aT Epces, Ricut anp Lert SIDES 
or BoILer 


this behavior was shown in the other courses, but an exception 
was found on the left side of the boiler in course B where substan- 
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tially the same rigidity was displayed at the middle as at the edges 
of the course. 
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Fic. 24 Curves or TANGENTIAL EXTENSION, ACROSS LONGITUDINAL SEAMS 
AND Souip SHEETs, Enp Course A; EXTENSIONS NEAR FRONT AND GIRTH 
SEAM 


43 In the third group of curves on this diagram, however, the ex- 
tension of D-16 taken at the middle of the course is seen to be 
greater than at D-8 and D-12, curves representing the edges. 
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44 There is a marked difference in the tangential extension of the 
two edges of the end courses of the boiler, due to the influence of the 
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Fig. 26 Curve or TANGENTIAL RESILIENCE, ACROSS LONGITUDINAL SEAM, 


Course D, Riecut Sipe or Borer, at MIDDLE OF COURSE AND NEAR GIRTH 
al 
SEAMS 


heads in supporting the shells. Fig. 20 shows the greater rigidity of 
gaged lengths E-12 which are taken nearly over the rear head, than 
at the other places, which were measured on this course. 
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45 In regard to the top of the boiler there were many disturbing 
factors present, as indicated by Fig. 21. The first course is a short 
one with the front head to stiffen one edge. Then came the dome in 
the original construction on course B, which was patched, and the 
patch double-riveted, using the rivet holes that were made for secur- 
ing the flange of the dome to the shell. Course C had the manhole 
patch, a single riveted one, using the holes made for securing the 
manhole frame to the shell. In course D was found the feedwater 
connection which probably did not have much influence on the behav- 
ior of this course while under pressure. Course E had the cast-iron 
safety-valve nozzle riveted to it, which did seem to have an influence 
on the tangential extension of the steel, permitting greater extension 
than normal. 

46 The extension of course A at the edge over the front head was 
less than at the opposite edge. Gaged lengths B-52 and B-57 showed 
the influence of the overlapping metal of the patch, as well as that of 
the girth seams. The extension at these two places was less than 
normal. 

47 At the side of the manhole patch, C-58, there was found dimin- 
ished rigidity in the shell. The weakness of this single-riveted patch 
was apparent in the measurements from the earliest pressures which 
were applied to the boiler. Conditions about the safety-valve nozzle 
did not seem fully to compensate for this opening in the shell, as 
shown by the extensions on gaged lengths £-63 and E-64. 

48 Referring next to the behavior of the shell at the seams, 
Fig. 22 shows two groups of curves of three lines each which repre- 
sent the tangential extensions on gaged lengths established on course 
C taken across the longitudinal seam at the middle and at the edges 
of the course. 

49 Curves C-7 and C-11, representing the extension at the edges 
of the course on the right side of the boiler, coincide in places and 
show but slight divergence where they depart most from the same line; 
that is, they indicate that uniform behavior was displayed at the 
opposite edges of this course. Each deflect rapidly under pressure 
above 150 lb. per sq. in., corresponding to a tensile stress of 14,400 
lb. per sq. in. on the solid sheet. 

50 At the middle of the length of the course, curve C-15 showed 
an increase in the rate of extension at the above-mertioned pressure, 
and for each succeeding pressure a greater extension than that wit- 
nessed at the edges. Necessarily, variations in the tangential ex- 
tensions at different parts of the length of a seam would cause 
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variations in the stresses of the solid metal of the shell in those 
localities. 
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51 In the case of a three-course boiler with one sheet to a course, 
as found in current construction, it would seem that a double-riveted 
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lap joint might occasion an excessive stress in the solid sheet abreast 
the end of the seam, under certain pressures. 

52 In the present test the longitudinal seams, being only three 
rivet pitches apart, furnish a line from front to rear of the boiler 
across which the extensions are greater than those which are displayed 
by the solid sheets. 

53 Fig. 23 shows results corresponding to those of Fig. 22 but per- 
taining to D, the next course of the boiler. The results are about 
the same on each, the maximum tangential extensions being dis- 
played at the middle of the length of the seams. 

54 Fig. 24 shows the extension of end course A, across the longi- 
tudinal seams on either side of the boiler and also the extension of 
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the solid sheet near the girth rivets of the front head. The diver- 
gent curves of this diagram indicate how differently in degree the metal 
is strained at the several gaged lengths of this narrow course. There 
seems, however, no lack of consistency in the behavior of the metal. 
The strains were relatively such as would be expected under the con- 
ditions present in this part of the boiler. 

55 The strains in course E, at the rear end of the boiler are shown 
in Fig. 25, where the behavior of the shell was found to be similar to 
that at the front end. Notwithstanding the fact that the results 
appear consistent and the relations between the different parts of 
the boiler harmonious, attention is attracted by the variableness of 
the strains as they are found developed, according to the position of 
the measured lengths. The degree of variability witnessed in this 
type of boiler, which is certainly one of plain form, is such as to excite 
speculative interest in more complicated types. 
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56 The results of the diagrams, Figs. 18-27, refer to the total 
extensions of the gaged lengths, that is, they include the elastic 
extensions and the permanent sets when sets have occurred. The 
curves in Fig. 26 were plotted for the purpose of showing the elastic 
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Fic. 38 TANGENTIAL Stresses, LB. PER Sq. In., at 90 Ls. BorteR PREs- 
SURE. RESULTS BASED ON ResILieNces. Ricut Sipe or Borer. Nor- 
MAL, CoMPUTED, StREsS, 8640 LB. PER Sq. IN. 
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Fic. 39 TANGENTIAL STRESSES, LB. PER Sa. IN., at 180 Ls. BorLer PREs- 
SURE. RESULTS BASED ON RESILIENCES. RIGHT S1pE or BorLteR. NORMAL 
CoMPUTED, Stress, 17,280 Ls. PER Sq. IN. 


extensions only, or what is equivalent to the same, the resilience of 
the shell taken across the longitudinal seam of course D, right side. 
The greater resilience of gaged length D-15, which was located across 
the longitudinal seam at the middle of its length, over the amount 
called for by the modulus of elasticity curve willbe noted. Thismight 
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be taken to indicate an intensity of stress above the normal in the 
shell in that vicinity, or it may mean that bending and shearing 


stresses at the seam in addition to tensile stresses on the sheets modi- 
fied the results. 
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Fig. 40 TANGENTIAL Stresses, LB. PER Sq. IN. at 270 La. Borer PreEs- 
SURE. RESULTS BASED ON RESILIENCES. RiGut SIDE oF BoILeR. NoRMAL, 
COMPUTED, STRESS, 25,920 Ls. peErSq. IN. GaAGEp LENGTHS ON WHICH DecIDED 
PERMANENT Sets OccurRED, INDICATED BY A STAR 
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Fic. 41 TANGENTIAL StREssEs, LB. PER Sq. In., at 90 Ls. BorterR Pres- 
SURE. RESULTS BASED ON RestLiences. Lert Sipe or Borter. NormMat, 
CoMPUTED, Stress, 8640 Ls. per Sq. In. 


57 The interior pressure on the boiler was increased from 390 lb., 
the highest indicated on the diagrams, to 335 lb., under which latter 
pressure rupture of the manhole patch occurred. Three of the rivets 
were sheared by the tangential stress of the shell, followed, apparently, 
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by the fracture of other rivets by tension on the stems, which pulled 
off the heads and finally tore the shell longitudinally along its upper 
element, starting this fracture at a rivet hole of the manhole opening. 
Fig. 28 shows the appearance of this fracture. 




















Fig. 42 TANGENTIAL STRESSES, LB. PER Sq. In., at 180 Ls. BorLer PREs- 
SURE. RESULTS BASED ON RESILIENCES. LEFT SipEz or BorLterR. NoRMAL, 
CompvuTeD, Stress, 17,280 Ls. per Sq. IN. 
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Fic. 43 TANGENTIAL Stresses, LB. Per Sq. In., at 270 Ls. Borer PreEs- 
SURE. RESULTS BASED ON RESILIENCES. Lert Sipe or BorLter. NORMAL, 
CoMPUTED, StrREss, 25,920 Ls. PERSq. In. GacEep LENGTHS ON WHICH DECIDED 
PERMANENT Sets OccurRRED, INDICATED BY A STAR 


58 The shell was repaired by cutting out a portion of course CU, 
across the top of the boiler and putting in a section the full length 
of the course and about 3 ft. wide, measured on the arc. This new 
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section was double-riveted to the shell at its longitudinal seams. The 
rivets were }% in. in diameter and had a pitch of 2.87 in. The rows 
were 1.53 in. apart, with rivets staggered, which, were, of course, 
hand-driven. The points of the rivets were hammered down to 
conical shape, low in height and with thin edges. In this re- 
spect they were less substantial than the points of the original 
machine-driven rivets of the seams. ' 
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Fic. 44 TANGENTIAL Stresses, Ls. per Sa. In., at 90 Ls. Borter Pres- 
SURE. RESULTS BASED ON ResiLiences. Top or BorLer. Norma, Com- 
PUTED, StrREss, 8640 Lp. PER Sa. IN. 
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Fic. 45 TANGENTIAL StreEssEs, Ls. PER Sa. IN., at 180 Ls. BorLer Pres- 
SURE. RESULTS BASED ON RESILIENCES. Top or BorLeR. Norma, Com- 
PUTED, StREssS, 17,280 Ls. per Sq. IN. 


59 The hand-driven rivets would not be expected to hold the calk- 
ing as well as the machine-driven rivets by reason of the difference 
in their points, and the test showed that such weakness was the case. 

60 Diagram, Fig. 27, shows the behavior of the seams of this 
new section of course C. The flatness of the curves indicate how early 
these new seams began to display rapid extension, and with so decided 
« movement the calking was soon disturbed and copious leaks started. 
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At the time of presenting these notes no higher pressure has been 
reached than the rupturing of one of 335 lb. previously mentioned. 

61 The strain measurements thus far described were those which 
were observed on tangential gaged lengths. In addition to this as 
indicated in the diagrams, Figs. 15, 16 and 17, there were longitudinal 
gaged lengths laid off on the shell and measured. 

62 Ina plain cylindrical shell the tangential extension of the metal 
would necessarily be attended with a definite amount of longitudinal 
contraction, eliminating the effect of pressures on the head. The 
conditions, however, which are present in steam boiler construction 
will generally prevent realizing the longitudinal strains which would 
be looked for in a plain sheet. 
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Fic. 46 TANGENTIAL StTREssEs, LB. PER Sa. IN., aT 270 Ls. Bor_er PreEs- 
SURE. RESULTS BASED ON RESILIENCES. Top or BorLeR. Norma, Com- 
PUTED, STRESS, 25,920 Ls. PER Sq. IN. GaGEpD LENGTHS ON WHICH DECIDED 
PERMANENT SETS OccURRED, INDICATED BY A STAR 


63 In the present test there were parts of the boiler nearly free 
from longitudinal strains, while there were other places in which the 
strains were reversed, and longitudinal extension shown instead of 
longitudinal contraction. 

64 In order to determine whether the action immediately at the 
girth seams was represented by the 10-in. gaged lengths which spanned 
them symmetrically, other gaged lengths were established on the 
shell not indicated on the diagrams herewith presented. These 
were in pairs, one being wholly on the solid sheet, the other just step- 
ping on to the adjacent course. The observations on these gaged 
lengths lead to the same results, however, as found on those which 
symmetrically spanned the seam. 

65 The results of these observations showed that along the lower 
quarter of the boiler the longitudinal strains were contractions; 
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while along the upper quarter they were in part contractions, and jin 
part extensions. The strains observed at 270 lb. pressure are entered 
on two lightly printed photographs, Figs. 29 and 30. In Fig. 29 are 
shown the strains which were measured on gaged lengths 1 an! 3, 
taken on the solid sheets at the middle of the lengths of the courses. 
In Fig. 30 are shown the strains which were measured on gaged lengths 
2 and 4, taken across the girth seams. Minus signs before the figures 
indicate contractions while plus signs indicate extensions. 

66 It will be observed that the lower part of the shell contracted 
longitudinally, notwithstanding the fact that the tubes were extended 
by reason of the exterior pressures to which they were subjected. 


Fic. 47 LAMELLAR APPEARANCE OF METAL, SHEET C, FRACTURED BY BEND- 
ING WHILE AT A BLUE Heat 


67 This behavior calls for bending at the flanges of the heads to 
compensate for the difference in direction of these movements. The 
six through braces would relieve the shell of a portion of the longi- 
tudinal tension coming from the heads in the upper half of the boiler. 

68 Longitudinal gaged lengths on the upper part of the shell 
showed diminished contractions over those observed on the lower 
portion, or displayed strains of extension. On the very top of the 
boiler the strains were extensions of a pronounced order. 

69 It was found on diagonal gaged lengths, laid off on courses 
B and D, upper quarter of the boiler, that greater extensions were 
displayed on the converging diagonals over those of diverging direc- 
tions. The converging diagonals, at 270 lb. pressure, extended 0.0047 
in. and 0.0042 in. respectively, against 0.0036 in. and 0.0028 in. dis- 
played on the diverging gaged lengths. 
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70 The location of the diagonal gaged lengths on course D are 
shown in Fig. 14, similar lengths having been laid off on course B. 
These results are entered in Fig. 30, in addition to the longitudinal 
strains. The longitudinal strains, all being those of extension, observed 
on the top of the boiler, have been entered on diagram, Fig.31. The 
strains for each pressure, 90, 180, and 270 lb. respectively, are given. 
The range and variability of these measurements are seen to be 
very pronounced. 

71 Aseries of lightly printed photographs, Figs. 32 to 37 inclusive, 
are presented, on which are entered the measured tangential strains 
observed at pressures of 90, 180 and 270 lb. respectively. 

72 The strains observed on both the right and the left sides are 
entered, however, on prints representing the right side of the boiler. 
It will be understood that the longitudinal seams of the left side 
were the reverse of those on the right side as regards their respettive 
heights. That is, on the left side the seams of course B and D, were 
three rivets above instead of three rivets below the others, as shown 
in illustrations of the right side. The tangential strains called for by 
computation based on a 30,000,000 modulus of elasticity are stated 
for each pressure in the captions of the figures. 

73 The range in measured strains above and below the computed 
amount will be noted upon inspection of Figs. 32-37. Thestrains were 
least in amount at the heads, and generally greater rigidity was dis- 
played at the intermediate girth seams than in the solid sheets, under 
the earlier pressures. At the middle of the length of the longitudinal 
seams the maximum extensions were developed, witnessed in this 
examination of the behavior of the shell. 

74 The results thus far presented, with the exception of those on 
Fig. 26, have included both the elastic strains and the permanent 
sets of the different measured lengths. 

75 The permanent sets have been subtracted from the extensions 
and the stresses corresponding to these resiliences computed, and 
the results entered on another series of diagrams, Figs. 38 to 46 
inclusive. These results show the tangential stresses in pounds per 
square inch which were found in different parts of the solid sheets 
of the shell, when the boiler was subjected to pressures of 90, 180 and 
270 ib., respectively. 

76 In looking over those results the usual influence of longitudi- 
nal seams, such as were used in this boiler, in intensifying the 
tangential stresses in the adjacent solid sheets, may be pointed out. 
The excessive stress at the side of the single-riveted manhole patch is 
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clearly shown in the results. The high stresses at the sides of the 
safety-valve nozzle under the maximum pressure will also be noted. 

77 While the results are consistent, nevertheless as an engineering 
structure the distribution of stresses exhibits a range far beyond that 
which is expected in other classes of constructive work. The type 
of boiler being one of the simplest, the extension of this method of 
test to other types would seem desirable. Such tests might assist 
in establishing satisfactory rules for steam boiler construction and 
might reasonably be expected to aid in the framing of regulations 
governing allowable pressures. 

78 Additional tests were carried out, in which the effect of changes 
in the manner of supporting the boiler was inquired into. It was sup- 
ported on the four end lugs in one test, and again in another test 
most of the weight was carried by the middle lugs. In each case 
there was a modification in the measured strains, although not in a 
marked degree. At the end of the test the several courses were seen 
to have been visibly extended in diameter between the girth seams. 

79 The chemical composition of the steel in course C, was as fol- 
lows: 


Pc ccxddbdandakesusns Ricstasiceebeieeancivenbaed 0.22 
ci cnsebieeksheknhahes teasinnenakeeeeree hee 0.43 
DL. dvanuth sbbahes cabhahnaceebaeetseucens babeaawe 0.046 


Pi chbtennsb cud dkersnanckdieaewoeseseueenwonanwe 0.028 
Phosphorous .. 0.043 


It is recalled that this particular brand of steel, at the time of its 
manufacture was not infrequently found to possess a decidedly lam- 
inated structure. The laminations were not large, nor likely to cause 
blisters in the boiler, but they were in places quite numerous. 

80 The metal from course C, the ovuly sheet yet examined, was 
found to have a laminated structure. Fig. 47 shows the appearance 
of some fractured strips from this course, which were bent while 
at a blue heat, in order to develop the lamination of the plate in a 
pronounced manner. The metal drifts well, a 2-in. diameter punched 
hole having been drifted cold to 1}-in. diameter without rupture. 

81 The services of Mr. P. W. Brunner, and J. W. Herrity are 
acknowledged, whose skill as manipulators is shown by the internal 
evidence of reliability which these measurements, taken by them, 
furnish. 
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This paper relates to the use of the Pitot tube for the measurement of flow 
of large volumes of air. The tests were made at plants of the United States 
Coal & Coke Company, Gary, W. Va., largely in connection with the flow of 
air through an experimental pipe line erected for the study of the problem of 
conveying coal by means of an air blast. Other tests were made in mine head- 
ings and in measuring the discharge from fan chimneys. Six different types of 
Pitot tubes were employed. The paper discusses the practical use of the Pitot 
tube and gives formulae applicable to it. 








SOME EXPERIENCES WITH THE PITOT TUBE 
ON HIGH AND LOW AIR VELOCITIES 


By Frank H. KNEELAND, Gary, W. Va. 


Junior Member of the Society 


As is well known the Pitot tube is an instrument for measuring the 
velocity of moving fluids. Its general principle is well understood; 
but we believe that, possibly on account of fancied difficulties in its 
manipulation, it has never received the thoughtful consideration 
from the majority of engineers, nor been put to the practical use to 
which its merits justly entitle it. This paper, therefore, will deal 
rather more with the practical side of the instrument than with the 
theoretical. 

2 The tests herein described were made in part in connection with 
the flow of air through an experimental pipe line erected for the 
study of the problem of conveying coal by means of an air blast. 
The idea of transporting coal by this means from the workings of the 
mine to a tipple or bin is not a new one, several patents having been 
issued for such schemes. During the spring of 1909 one of the officials 
of the United States Coal & Coke Company conceived the idea of 
transporting the coal cut by a mining machine, by means of suction, 
on a principle similar to the Darley ash conveyor, or the better known 
vacuum carpet sweeper. Under certain conditions, this method of 
mining possesses many obvious advantages over present practice. 

3 After carefully studying this problem in the light of available 
data, it appeared so good on paper that it was deemed justifiable to 
build an experimental plant for the purpose of determining: 


a The velocity of air current necessary to carry coal in pipes 
of a given diameter. 

b The amount of coal which could be transported by a given 
amount of air, in pipes of given diameter, but at varying 
velocities. 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West, 39th Street, 
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c The loss of pressure due to friction of air in the pipes while 
carrying coal. 


4 Accordingly the plant shown in plan and profile in Fig. 1 was 
constructed. It consisted essentially of a mining machine, a mine 
pipe for transporting the coal, a suction head to separate the coal from 
the air and a positive blower, or rather a “sucker,” for creating the 
air blast. The mining machine above referred to cut the coal in 
sizes ranging from fine powder to lumps equivalent to about 2-in. 
cubes. The machine used in our experiments was originally designed 
for loading the coal into mine cars and was, therefore, equipped with 
a conveyor extending from its rear end. In our early experiments, 
it discharged its coal into a hopper mounted on 6-in., 8-in. or 12-in. 
ordinary wrought-iron pipe, as shown in Fig. 2. Later on it was 
arranged to discharge into a pipe of rectangular section, with approx- 
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Fig. 1 PLan AND PROFILE OF EXPERIMENTAL Pipe LINES 


imately the same area as the 24-in. mine pipe. As will be seen in 
Fig. 2, above mentioned, only two pipes were used at a time, one 
carrying the coal and the other for the purpose of “spilling in” air 
to the 24-in. main mine pipe, to which the two smaller pipes were con- 
nected by means of a plate flange. The 24-in. mine pipe was made up 
of 30-ft. sections, except sections of special length, of which three were 
used. Each section was composed of six plates, each plate extending 
throughout the complete circumference and being lapped and riveted 
at the joint. Each of these longitudinal seams were placed 180 deg. 
from those of the plates next joining it. All transverse or girth seams 
were single riveted at the joints; all edges of plates inside the pipe 
were beveled and all rivets countersunk on the inside. Each section 
or length of pipe was provided with wrought-iron flanges at each en: 
riveted to the pipe, the flange rivets being countersunk on the inside 
like all the others. The sections were put together with }-in. rubber 
gaskets between all flanges, which made an extremely tight mine 
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pipe and one on which repeated tests as the work progressed failed 
to show any perceptible leakage. 

5 The outer or tipple end of this mine pipe was connected with a 
square wooden suction head. At the upper end of the suction head a 
36-in. cast-iron pipe connected it to a No. 11 Roots positive blower. 
This machine was driven through gearing by two 200-h.p. 720-r.p.m. 
induction motors. Two ratios of gearing were employed, one driving 
the blower somewhat below 90 r.p.m. and the other somewhat above 
100r.p.m. The normal displacement of the blower was 300 cu. ft. per 
revolution. This, however, was when the machine was operating 
under no pressure. Fig. 3 shows its capacity in cubic feet of free air 
per revolution under varying vacua. In the 36-in. pipe line and 
directly above the blower was a 36 in. by 16 in. by 36 in. tee with its 
16-in. branch looking up. On the upper flange of this tee was 
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Fig. 2 ARRANGEMENT OF 8-IN. AND 12-1n. Pipes AND Hopper AT END or 
24-1In. Pipg LINE 





mounted a 16-in. straightway valve, upon which was placed a 
length of 16-in. pipe somewhat over 12 ft. long. The whole external 
arrangement except the motors and gearing may be clearly seen in 
Fig. 4. 

6 The experimental plant has been carefully described in order 
that the manipulation of apparatus, etc. may be clearly understood. 
The velocity of air in a pipe carrying coal or other foreign substances 
cannot be measured by any direct means, and we, therefore, had to 
resort to indirect; that is to say, to determine the capacity of 
the blower per revolution and deduct from the quantity handled by 
the blower, the sum of the leakage and admission of air other than that 
through the mine pipe carrying the coal. The resulting quantity 
was, of course, that passing through the coal-carrying pipe. There 
were four points or places of admission of air, namely, the coal pipe, 
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the admission pipe parallel to it, the admission above the blower, 
and the suction head. Although this suction head was built up of a 
double thickness of tongued and grooved flooring with all joints laid 
in white lead, it leaked considerably and it became necessary before 
the experiments were over to cover the whole structure completely 
with tar paper laid in thick tar paint. Tests for leakage in this part 
of the apparatus were run at frequent intervals and corrections made 
for it in all calculations. It was necessary then while using the two 
pipes at the end of the mine pipe, to measure the velocity of the air 
at two places, in one of the pipes above mentioned and in the pipe 
above the blower. In order that all observations might be taken 
simultaneously, a system of signals was installed whereby the closing 
of a small knife switch at a point near the mining machine flashed 
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Fic. 3 CuRvVE FoR DiIscHARGE OF Roots BLOWER PER REVOLUTION AT 
Various Vacua 


ordinary incandescent lamps in front of each observer, both inside 
and outside the mine. Not only were observations taken on the 
velocity of air but also at three different points on the vacuum as 
well. A direct-reading water manometer was connected to the 24- 
in. pipe a short distance behind the mining machine; a differential 
mercury manometer, multiplying five times, was attached to the 24-in. 
pipe just outside its connection with the suction head, as shown at 
A in Fig. 4, and an ordinary direct-reading U-tube manometer attached 
to the 36-in. pipe a short distance above the blower, as shown at / 
in Fig. 4. In addition to the manometers above mentioned, there 
were used in connection with the Pitot tubes glass manometers of the 
U-type where one leg is enclosed within the other. These instruments 
were 16 in. long and provided with scales reading to one-tenth of an 
inch. Either water or mercury was used as a working fluid, depend- 
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ing upon the velocity of the air being measured. Although not 
appearing on the data sheets, corrections were always made for 
capillarity of the fluid in the manometers. 


ON THE USE OF THE PITOT TUBE 


7 In general the Pitot tube consists essentially of two devices: 
(a) for converting the energy of a moving fluid into a pressure; and 
(b) for measuring the pressure on the fluid under consideration. 
In this paper the first will be known as the Dynamic Nozzle and 
the pressure registered by it will be called the Dynamic Head; and 
the second as the Static or Piezometer Nozzle and the pressure 
registered by it will be called the Static Head. In our work at 
Gary, we used six tubes of three distinct types, shown in Fig. 5, 
known as the United States No. 1, the Gebhardt Nos. 1 and 2, 
and the Taylor Nos. 1, 2 and 3. The United States No. 1 tube 
was made at our own shops and consisted of the dynamic nozzle 
A and the static nozzle B. In use the dynamic nozzle was 
placed in the holder C, which was screwed firmly into the wall 
of the pipe in which a test was being made. It was clamped into 
the holder by the small set screw shown in the drawing, (Fig.5). The 
static nozzle was screwed into the wall of the pipe, like the holder 
above mentioned, until its inner end came flush with the inner surface 
of the pipe. Thestatic and dynamic nozzles of this tube were always 
placed on the same girth line of the pipe and approximately 90 deg. 
from each other. The Gebhardt tubes, designed by Prof. G. D. Geb- 
hardt and purchased from the Armour Institute of Technology, 
were practically identical with each other. They had been carefully 
calibrated and re-calibrated in gas mains and were said by their de- 
signer to possess a coefficient of unity. It will be observed that the 
static nozzles of these tubes were beveled; this was done in order to 
avoid aspiration in this part of the tube. In a paper! entitled The 
Pitot Tube as a Steam Meter, when speaking of the beveling of the 
static nozzle of the tube to prevent aspiration, Professor Gebhardt 
stated that further experiments were necessary to show whether any 
fixed angle is applicable to all velocities. Our experiments would 
bear out the above statement as this seems to be the weak or inac- 
curate part of the apparatus. The other details of the tube are 
shown with sufficient clearness in the drawing. 

8 The Taylor tubes were, like the Gebhardt tubes, practically 


1 Trans. Am.Soc.M.E., vol. 31, p. €01. 
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identical with each other. These tubes were kindly loaned to us by 
Capt. D. W. Taylor, naval constructor at the United States Navy 
Yard, Washington, D. C., and had been used very successfully in 
testing ventilating fans for warships. This type of tube was very 
much more difficult to manipulate than the other two. Due to 
its shape, it had to be adjusted with extreme care when dealing 
with the high velocities employed by us, and at such times the writer 
and his associates were in constant fear lest its long point, or nose, 


Front View 
Gebhardt Pitot Tube N2! 


Static opening, gin slot about 
2z1n. long on both sides 























Static Nozzle, ‘B" 


Dynamic Nozzle, A” Holder. °C” 


U.S. Pitot Tube N2 | 
Fic. 5 Types or Pitot Tuses Usep 








be turned sidewise and the tube capsize, so to speak. Fortunately 
no such accident occurred, but it is possible that some of the erroneous 
readings of these tubes may have been caused by the tube takinga 
slightly sidewise position when subjected to the enormous wind pres- 
sures developed. It might, also, be mentioned that we made three 
other tubes, none of which were ever used on account of their large 
size and consequent clumsiness and difficulty of manipulation. Also 
in one test five dynamic nozzles were used, similar to those of the 


United States No. 1 tube, arranged one in each of the five positions 
shown in Table 1. 
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9 These five nozzles were connected to the automatic averaging 
block shown in Fig. 6, which in turn was connected to a manometer. 
The static pressure was obtained from a static nozzle exactly similar 
to that of the United States No. 1 tube. This arrangement of the 
apparatus, although apparently possessing some advantages over the 
ordinary method, is not only rather clumsy but is also inherently 
inaccurate, since the average velocity in a pipe is not dependent on 
the square root of the average dynamic pressures obtained at any 
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Fie. 6 Automatic AVERAGING MANOMETER 


given number of points, but upon the average square roots of these 
pressures. It will also be seen that the liability of errors caused by 
leakages in the joints between the instrument and rubber tubing con- 
necting it to its averaging block and manometer is at least six times 
as great in this apparatus as in the simpler tubes. 

11 To obtain the average velocity existing in a pipe from the use 
of a Pitot tube, recourse may be had to two methods. The first 
of these is to divide the diameter of the pipe into a given number o! 
equal parts and take one or more readings at each division point. 
Thus, supposing the work is being done with a 16-in. pipe, the tube 
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would first be placed as near the side wall of the pipe as possible and 
a reading, or a series of readings, taken. It would then be placed, 
say 1 in. from the side wall and an equal series of readings taken, 
and so on across the diameter of the pipe. The average velocity 
would then be considered as the average of the different velocities 
obtained at the several points of observation. It will readily be 
seen that this average is not strictly true, since the outer rings of 
the cross-section are of equal width with the inner ones, consequently, 
they are unequal in area, yet all were given equal weight in the cal- 
culations. The second, and better method, is to divide the cross- 
section of the pipe into a given number of equal areas and place the 
dynamic nozzle of the tube in the center of gravity, so to speak, of the 
circle being tested. To again illustrate: The pipe used above the 
blower in our experiments had an external diameter of 16 in., the 
wall being } in. thick. This gave an internal diameter of 153 in. and 
an area of 188.69 sq. in. Dividing this into five equal parts, each 


TABLE 1 PIPE SIZES AND POSITIONS OF TUBE 


INTERNAL AREA 


from Center, In. 
from Center, In. 
from Center, In. 


from Center, In. 


Sq. In. | Sq. Ft. 


Actual Internal 
Diameter, In 
First Position 
Second Position 
Third Position 
Fourth Position 
Fifth Position 


7 
= 
= 

x 
= 
= 
= 
= 
5 
° 
= 
‘ 


88 55.088 | 0.382 Center 
12 107.33 | 0.745 Center 
15 —-:188.69 | 1.31 =| Center 


o - bo 
+ Fz 


part would have an area of 37.738 sq. in. Taking the first position 
of the Pitot tube at the center of the pipe, we assume that the velocity 
of air is constant over the circle or disc whose area is 37.738 sq. in. 
The second position of the tube is found by dividing the next ring 
or part into two equal areas and adding one of these to the central 
dise, and finding the radius of thissum. In the above case expressed 
mathematically this becomes 


37.738 


37.738 + 5) 


3.1416 


| 37.738 + 3% ae 


3.1416 





R? = 
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12 These positions for the different sized pipes used, as well as the 
principal dimensions of the pipes, are shown in Table 1. 
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Fic. 7 CURVES SHOWING VELOCITY CHANGES ACROSS DIAMETER OF PIPE 
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. 8 SHowinG VELocity CHANGES ACROSS DIAMETER OF PIPE WITH 
GEBHARDT No. 1 AND Taytor No. 1 Pitot TuBEs; ALSO 
VELOCITY AS SHOWN BY BLOWER 


13 In Figs. 7, 8 and 9 are plotted the results of tests in the 16-in. 
pipe above the blower showing how the velocities vary across the 
diameter of the pipe as determined by the different tubes used. The 
data sheets from which these curves are plotted are found in the ap- 
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pendix. These are typical and fair averages of all tests made on the 
different sized pipes used. 
14 The common formula for the Pitot tube is 


v= V2gh 
where 
= velocity in ft. per sec. 


v 
g = acceleration due to gravity in ft. per sec. 
h = head in ft. causing flow 
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Fic. 9 CURVES SHOWING VELOCITY CHANGES ACROSS DIAMETER OF PIPE 
witH GEBHARDT No. 1 AND UNITED States No. 1 Pirot Tuses 


But in air measurement h is a head of air in feet but is measured by 
h,, which is a head of water (or mercury) in inches. Denoting the 
weight of the air per cubic. feet by w, taking the density of water as 
62.4 Ib. per cu. ft. and letting V = velocity of flow in ft. per min. 
we have 


V = 60 V Qgh 


12x 32.16 X 62.4 Xh 
= 60 . ' 
my 12 X w 


kv h, 


_ 1.3253 x B 
'459.2)+ T 
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where 

B = height of barometer 

T = temperature, deg. fahr. 

1.3253 = weight in lb. of 459.2 cu. ft. of air at 0 deg. fahr. 
and 1 in. barometric pressure.! This gives the weight of 
dry air. 

15 In the Smithsonian Meteorological Tables? a formula is given 
for the weight of humid air which, changing metric to English units, 
is 
Pp 0.080723 b — 0.378 € 

= 1+ 0.0020389 (t— 32) * 29.921 
where ¢ is temperature deg. fahr.,b is corrected height of barometer in 
inches of mercury, and e¢ is the pressure due to the vapor in the air 
in inches of mercury. 

16 This formula was used for determining the weight of air in all 
of our calculations; the humidity of the air being determined by psy- 
chrometric observations and the use of the Smithsonian tables above 
referred to. 

17 In a paper entitled Experiments with Ventilating Fans and 
Pipes* Capt. D. W. Taylor, naval constructor, gives an exact formula 
for the Pitot tube. The following is quoted in part from Captain 


Taylor 
o— we oy Da (2) 
ow 241 (Eis. } 


v, = velocity in ft. per sec. at a point where the pressure = 
pi in |b. per sq. ft., pe = pressure in lb. per sq. ft. at 
any other point 

v = velocity 


where 


P, = weight in lb. per cu. ft. where pressure = p» 

y ratio between specific heats of air under constant pres- 
sure and constant volume = 1.408 

g = acceleration due to gravity in ft. per sec. 

18 Now if pe is the pressure at the impact opening of the Pitot 
tube, » = 0. Also take p; as the pressure in the unchecked stream 
measured by the manometer connected with the pressure openings 
on the side of the Pitot tube. Also let pa, Pa, Ta be the pressure, 

1 Kent’s Mechanical Engineers Pocket Book, ed. 7, p. 481. 

2p. 55. 

. nl of Naval Arch. and Marine Engrs., 1905, p. 35. 
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weight per cubic foot and absolute temperature of the atmosphere 
T; and T, absolute temperatures corresponding to p; and p2. Then 


Pe = Pi = Pa = ZF 
P.T- P,T, P,T. 


and from well-known formulae for air 


is Pi 


the change of pressure from p, to p2 being adiabatic. Then from the 
above 


Pe P2 
Pe eT, = 2T, (22 
P, = 27, = 27; (2)"r 


= gah {()"* — 1} 


1 
(+k). y— i} 
Expanding and ee 
v2 {x - 3 (ity) l+2y)) 
— = 27 
9° 24y’° ) 





Therefore 


a k l+y (l+y) (1+ 2y)| 

= 4/2 —-~—+F — kK 

* \ 9p, a tT ® ee 24y3 j 

19 Let V; = velocity in ft. per min. and the readings of pz and p, 


le expressed in in. of mercury instead of in lb. per sq. ft. Then 
Vi 


; po— Di oity (1+y) (1+2y)} 
= ¢ 6 3 Poel —k* 70. 
0 4.32 X P, j1-4 ke by? Day? x 708 


: . Ipe—pif, — k ity ,,(+y) (1+2y) 
= £046.16 \ > -5 +H 6 = }2 “ay 


= 4046.16], °5 | 1 — 0.355 k + 0.202 k¢ — 0.137 
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The values above given are for a temperature of 70 deg. fahr., a 
barometer of 29.921 in., and a humidity of 70 per cent. 

20 Curves in Fig. 10 show a comparison of the velocities of 
air as calculated by the two formulae already given. It will be 
seen that at a velocity of 23,000 ft. per min. these formulae give 
results varying by over 15 per cent, while at 11,000 ft. per min. the 
variation is only about 6 per cent. For velocities below 6000 ft. per 
min. there seems to be no good reason for using the exact formula 
as given above, since the difference between it and the common for- 
mula is well within the limit of error in observation. 


FRICTION IN EXPERIMENTAL PIPE LINE 


21 When designing the experimental plant, calculations were 


ry td PE tT dd Tg | | | 
= J all 
———Plotted from data in Sturtevants tables a 
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made for the loss of head due to friction in the pipe line. These 
calculations were based on Sturtevant’s tables on air friction, since 
they were the most reliable data at hand. The experiments on the 
plant, however, gave an excellent opportunity to test not only the 
loss due to friction when carrying varying amounts of coal, but to 
check the calculated loss when the air was flowing alone and unbur- 
dened. Accordingly, observations were taken on the manometers 
at each end of the 24-in. mine pipe with this end in view, the results 
of which are shown in Fig. 11. This, however, does not give the loss 
from friction when carrying coal. 

22 Some time after conducting the experiments described on the 
flow of air in pipes, the necessity arose for accurate measurement of 
the flow of air in mine headings in connection with fan tests, also of 
the air discharged from the chimney or outlet of fans, and we natur- 


ally turned to the Pitot tube as being the most accurate means at 
hand. 
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USE OF FITOT TUBE IN MINES 


23 When we come to use the Pitot tube in mines we find several 
conditions not existing in large or small pipes. The floor, ribs and 
roof of a heading or room are always more or less rough and uneven, 
which causes innumerable eddies and swirls in the air current similar 
to those seen in the water along the sides of a swift stream flowing 
over a rocky or uneven bed. It is impossible, also, to determine from 
the appearance of an airway just where or why you will find the 
stronger air current. The velocity at which the air is flowing may 
also cause a decided difference in the contour of average velocity even 
though all other conditions remain the same. This is well illustrated 
in fan tests Nos. 9 and 10, Figs. 13 and 14in the appendix. Of course, 
the ideal section of a heading in which to take a test would be a long, 
straight, smooth, rectangular passage. This can never be found and 
the nearest approximation available is the one to be chosen. At one 
side of the heading and preferably just behind the test section a 
“cubby-hole” or operating room should be dug out of the rib, prin- 
cipally for the convenience and comfort of the operator or operators. 
At the same time, however, the cubby-hole not only shields the oper- 
ator and makes a convenient place to set up manometers, but also 
when it is used there are no corrections to be made for the operator’s 
body and no eddy currents are caused by him. By stretching a 
series of strings or wires from floor to roof and from rib to rib, the 
test section may be divided into a number of smaller sections of equal, 
or nearly equal, area. The number of these smaller sections will 
depend entirely on the area of the test section. It is advisable, 
however, to have the small sections not much over 4 sq. ft. and less 
if possible. The smaller the sections the greater is the accuracy. 

24 For holding the Pitot tube we built a telescoping stand of 
pipe and pipe fittings with a holding block that could be raised and 
lowered or clamped rigidly upon either part of the standard. We 
also made an anemometer holder provided with a spring which held 
the anemometer out of gear until a string attached to the operating 
lever was pulled. Upon release of the tension on this string, the spring 
pulled the instrument out of gear again and stopped its registration. 
The Pitot tube passed through the holding block and extended a 
very short distance beyond the anemometer. It will thus be seen 
that the Pitot tube could be successively placed in the center of each 
of the small sections and that in each one the anemometer was imme- 
diately beside it and subjected as nearly as possible to the same ve- 





FRANK H. KNEELAND 1423 


locity of air as the Pitot tube. The static head of the Pitot tube read- 
ings was taken direct on the manometer connected to it, since the 
whole apparatus was inside the heading in which measurements were 
being taken and, therefore, subject to the same pressure. Trial was 
made with the Gebhardt No. 1 tube (in place of the United States 
No. 1 regularly used) to ascertain if the taking of the static head 
beside the velocity head or in the cubby-hole on the manometer 
made any difference in the manometer reading, with the result that 
the readings in both cases were the same, as might have been 
expected. We also checked the accuracy of both instruments with 
smoke and carbon di-sulphide. The method of making this test 
was as follows: 

25 A distance of 200 ft. was measured off along one of the main 
haulage roads of a mine. The cross-section of this heading was as 
nearly uniform as a mine heading in this kind of coal (Pocahontas) 
can well be and the floor and roof were free of obstructions and very 
even. Midway of this distance and opposite a safety pocket, a hole 
excavated in the rib for the miners to stand in when a locomotive or 
trip is passing, the stand bearing the Pitot tube and anemometer was 
set up and a series of readings taken on both instruments. One ob- 
server then stationed himself at the upper end of the 200-ft. distance 
and another at the lower end. The former was provided with a 
revolver and blank cartridges loaded with black powder while the 
latter held a watch. At a signal from the man at the lower end, the 
one at the upper end of the trial distance fired across the heading and 
the time was noted when the odor of the powder reached the lower 
end. The smoke was entirely dissipated before it had traveled half 
the distance. As a check on the above method, it was repeated, ex- 
cept that instead of using the revolver, a bottle of carbon di-sulphide 
(CS) was used. This was not as satisfactory as the former, since an 
appreciable amount of time was lost in uncorking the bottle and throw- 
ing the liquid into the air. However, the results-checked fairly close 
if an allowance be made for lost time. The above was repeated in a 
heading with very much lower velocity, about 200 ft., and the Pitot 
tube found to be almost worthless. The anemometer, on the other 
hand, gave results which were very fairly accurate. 


MEASURING DISCHARGE FROM FAN CHIMNEYS 


26 In measuring the discharge from fan chimneys we employed 
a method very similar to that used in mine headings. Instead of the 
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telescoping stand, however, we used two #-in. pipes extending trans- 
versely across the fan chimney and held firmly at each end with a 
specially forged clamp. Upon these pipes or guides was mounted a 
runner or slide arranged to hold both the Pitot tube and anemometer 
holder. The top of the chimney was divided into a given number of 
approximately equal areas by stretching strings or wires across in 
both directions, as shown'in Fig. 12, and the two instruments placed 
successively in each of the areas. It will be observed from the results 
of these tests shown in the appendix, that the velocity in these 
chimneys is always greatest on the tangent side, decreases to a min- 
imum near the center and then increases on the front side. Trans- 





Fig. 12 Division or Tor or CHIMNEY INTO EQuaL AREAS 


versely, the velocity of air seemis to follow no fixed law, but in general 
seems to be greater in the outside areas. When the fan is delivering 
a large quantity of air also, the velocity near the center of the chim- 
ney becomes so low as to be unmeasurable with the Pitot tube and is 
gusty and variable in its nature, the anemometer frequently halting, 
and even running backward for some seconds at atime. It should be 
stated also, that all the tests we have made thus far are upon fans of 
the Clifford-Capel type. 

27 In all of the tests on fans, shown in the appendix a differ- 
ential manometer reading to 1/100 in. was used. This instrument 
used a special mineral oil as a working fluid but the angle of inclin:- 
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tion was such as to cause it to read correct for water. Careful com- 
parison with a direct-reading water manometer, proved that this 
angle was the proper one and that the instrument read correctly. 

28 In the tests on headings a board was nailed to the wall of the 
cubby-hole and the manometer screwed to it, care being taken that 
this instrument was kept perfectly level. In taking measurements 
on the fan chimneys a board was fastened to the side of the chimney 
and the manometer fastened thereto ‘as in the mine headings. 


CONCLUSIONS 


29 From our experience with the three types of Pitot tubes, we 
would draw the following conclusions: 


a The Taylor tube, although probably very accurate and ex- 
tremely sensitive on the air velocities for which it was 
designed, say up to 3000 ft. per min., is clumsy, difficult 
of manipulation, fragile, and altogether unsuited to high 
velocity measurement. 

b Tubes of the Gebhardt type are light, compact, very port- 
able, convenient and easy of manipulation. They are 
very accurate when used on velocities up to say, 6000 
ft. per min. Beyond this point or beyond the limits of 
the common formula, their accuracy is somewhat prob- 
lematical. . 

c The United States No. 1 tube is less convenient and portable 
than the Gebhardt. It is, however, much simpler in 
construction and will stand much more abuse. It does 
not require anywhere near as much care in manipulation 
as either of the other two types. It has been found ac- 
curate on air velocities as low as 600 ft. per min. The 
upper limit of its accuracy is unknown but it has been 
successfully used on velocities exceeding 25,000 ft. per min. 

d The exact formula, as explained above, is much more accur- 
ate, especially on the higher velocities, than the one usually 
employed. 

e Present data on the friction of air in pipes are largely in 
error. Our tests showed for the length and size of pipe 
used that the friction of the air was just about one-half 
what it was calculated to be. Additional accurate data 
along this line are sadly needed. 
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Area of opening = 128 sq. ft Figures in center of section show 
Average velocity = 2/22 ft. per. min velocities as determined by Pitot 
Quantity of air” == 27/644 cu ft. per min tube 

* No reading could be made, on account of eddies 
13 





2! 
= 











rage velocity = 46.859.ft = 37% 


Area inside contour — of more than ave 
GLe - * *G3S 


- Que °  -* fem - “3 
Greatest velocity is 167 % of average velocity 
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TABLE 3 TESTS OF BLOWER WITH 36-IN. PIPE BLANKED 


No. 9 Works, Unrrep Srates Coat & Coxs Company, Apriz 10, 1910 


Gesuarpt Pirot TusENo 1. 
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Pipe 


Averages 


Static Readings 


In. Mercury 
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TABLE 4 TESTS OF BLOWER FOR LEAKAGE, 16-IN. PIPE OPEN, OTHERS CLOSED 
No. 9 Works, Untrep States Coat & Coxe Company, Arpnr 10, 1910 


U. 8. Prrot Tune No. 1 Gesaarpt Piror Tube No. 1 


ings 16-in. Pipe 
per Min. 


Pipe 
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Vacuum in 36-in.| 
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Static Readings 
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Weight of Air per Cu. 


No. of Run 
Ft. per Min. 
Ft., Lb. 
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In. Mercury In. Mercury 


Velocity in 16-in. Pipe, 
Weight of Air per Cu. 
Velocity of Air in 16-in. 
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Barometer, 28.64: temperature, 64 deg.; humidity, 41 per cent; mercury, 846.5. 
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TABLE 5 DATA FOR FAN TEST NO. 5 
No. 4 Works, Unirep States Coat & Coxe Company, January 28, 1911 


Pirot TuBE ANEMOMETER 


Reading, In. Velocity, Ft. 2uantity, | Velocity, Ft. | Quantity, 
Water per Min. an Ft. per per Min. aie per 


Section 
Number Area, 8a. Ft. 


0.0447 846 1150 4692 
1680 6854 

905 3631 
889 1190 4855 
786 3652 
4570 

2815 

3142 

5712 

4774 

3427 

4406 

7385 

5263 

4345 

7262 

12648 

12566 

11342 

12607 

15341 

16708 

16524 

12632 15361 


orvroart WO bd 


| 153477 1937 189882 


Conditions: Fanon mine, but doors at back of fan open, allowing all air possible to enter fan. 
Air: Measured at top of chimney. Beginning Ending Barometer 28.94 
Temperature outside, 44 deg. from chimney 464 deg. 534 deg. 
Humidity outside,71 per cent from chimney.... 72 per cent 58 per cent V = 4002 ss 
Weight of air per cu. ft., 0.0762 lb 0.0758 0.0747 
Average weight of air from chimney, 0.0752 lb. per cu. ft. 
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TABLE 6 DATA FOR FAN TEST NO. 9 
No. 6 Works, Unrrep States Coat & Coxe Company, Fesrvuary 18, 1911 


Prrot Tuse ANEMOMETER 


Area, Sq. Ft. ‘ y é 
Reading, In. Velocity, Ft. ae 9 Velocity, Ft. Quantity, 


Water per Min. Min Ft. per Min. — per 


0.133 1506 5256 2213 7723 
0.235 1966 6920 2475 8712 
0.244 2003 2490 8839 
0.196 1796 2485 8772 
0.175 1697 2508 8628 
0. 166 1653 2445 8557 
0.205 1836 2402 8407 
0.201 1818 2368 7956 
111 1351 2345 7973 
125 1434 2225 7787 
137 1501 2260 
149 1566 2355 
114 1369 2300 
175 1697 
129 1457 2313 
132 1474 2207 

1716 

1763 2464 

1446 

1081 

1637 

1446 


eoonouvf wwv 


0. 
0 

0. 
0. 
0 

0. 
0. 
0 

0. 
0. 
0. 


898 
462 


91.79 1483 136129 | 2226 | 204361 





* Average velocity of Nos. 25 and 27. Could not obtain reading on account of eddies. 

Conditions: normal, fan on mine. Temperature, outside 57 deg. fahr. Temperature, inside 53} 
deg. fahr.; humidity, outside 88 per cent, inside 100 per cenit; barometer, 28.46, weight of inside air 
per cu. ft. 0.0732 Ib., for Pitot tube V = 4056 )/h. 

Measurement made in airway leading to fan section was divided by strings into approximately 
equal parts. Section No. 28 was stopped up, as it was very small and at the bottom. 

Readings taken by Pitot tube and anemometer held in center of each section byastand. Readings 
taken for period of one minute in each position. Could get no reading by tube in section No. 26, 
evidently on account of eddy currents; velocity given is average of those in the two adjoining sections. 
Fan running exhausting. Airway makes a slight turn a short distance beyond the section, causing 
velocities to be higher on one side than on the other. 
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TABLE 7 DATA FOR FAN TEST NO. 10 
No.6 Works, Unirep States Coat & Coxe Company, Fesruary 18, 1911 


Prirot TuBE ANEMOMETER 
Section 


Number Area, Sq. Ft 


Reading, In. | Velocity, Ft. Canney. - Velocity, Ft. Quantity, 
~ Per! per M 


Water per Min. — in. Cu. Ft. per 
= Min. 


2064 7203 2940 10261 

7769 3082 10849 

1805 6409 9528 

7480 11155 

7128 9219 

6762 9030 

7224 9222 

2008 6747 9223 
6106 
1800 6300 
6489 
1885 6107 
1832 6192 
2004 7014 
1832 6412 
1721 4922 
2096 7084 
1949 6821 
1706 5971 
1422 3185 

1991 6769 8939 

1786 6251 8592 

1633 5715 8400 

1250 2025 2110 3418 

770 2972 2000 7720 

1060 4452 1675 7035 

1351 5836 2245 9698 


Se MI mar wone 


— 
_ 


3. 
3. 
3. 
3. 
3 
3. 
3. 
3. 
3 
3. 
3. 
2. 
3.3 
3. 
3. 
2. 
3. 
3. 
3. 
a. 
3. 
4. 
. 


91. 1778 163345 2521 231462 


Conditions: fan on mine-doors on main heading between Ist and 2d return and on Ist return 
open, allowing air to short circuit through mine. Temperature inside 534 deg. fahr.; humidity 
inside 100 per cent; barometer 28.46; for Pitot tube V = 4056 |/h. 

Same conditions of measurement as test No. 9. 
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TABLE 8 DATA FOR FAN TEST NO. 11 
No. 6 Works, Unitrep States Coat & Coxe Company, Fesruary 18, 1911 


ANEMOMETER 
Section — 7 — - - _ 
Area, Sq. Ft. | 
opened Reading, In. | Velocity, Ft. Quantity, Velocity, Ft. Quantity, 


Ft. per 
per Min Min. per Min. aly 


3517 5414 21656 
3529 3920 15680 
3524 3696 14784 

4140 } 

3564 

3058 

2132 


conrour wn 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


2122 | 271644 


Conditions: doors to fan and doors inside mine all open, allowing all air possible to reach fan. Air 
measured at top of chimney. Temperature, 534 deg. fahr.; humidity, 100 per cent; barometer, 28.46; 
for Pitot tube, V = 4056 )/h. 

Measurement made on top of chimney of fan. Area was divided by strings into 32 equal parts and 
readings were taken in center of each section for periods of 30 seconds. Both anemometer and tube 
were held in plane of top of chimney. Pitot tube readings could not be obtained in sections Nos. 
21, 22 and 25, on account of eddies. These were very noticeable, as the anemometer in the same sec- 
tlons would stop, reverse itself, stop, run properly, etc. 











TESTS OF LARGE BOILERS AT THE DETROIT 
EDISON COMPANY 


By D. 8. Jacosus 
ABSTRACT OF PAPER 


The tests described in this paper were made on two boilers at the plant of 
the Detroit Edison Company. Each of the boilers has a rated capacity of 
2365 h.p. on the basis of 10 sq. ft. of boiler heating surface per horsepower, 
and in every day practice carry aload of 6090 kw. and in the evening from 
7000 to 8000 kw. The preliminary and regular tests required that the boiler 
room of a large power house be under the control of the observers for three 
months and for six weeks over 50 men worked in 8-hour shifts night and day, 
exclusively on the tests. The magnitude of the undertaking may be appre- 
ciated when attention is drawn to the total quantities measured, which aggre- 
gated about 5000 tons of coal weighed and 45,000 tons of water. 

One of the boilers tested was fitted with Roney stokers and the other with 
Taylor stokers. The test results secured indicated that the efficiency obtain- 
able with each stoker is about the same. The combined efficiency of the boiler 
and furnace varied from about 80 per cent at slightly below rating to about 76 
per cent at double rating, on the basis of 10 sq. ft. of boiler heating surface 
per rated horsepower. In obtaining these efficiencies the steam used for driv- 
ing the stokers and for producing the forced blast in the Taylor stokers has not 
been deducted from the total steam generated by the boiler. The amount 
of steam used by the Roney stokers was about 1} per cent of the total steam 
generated by the boilers, and for the Taylor stokers about 2} to 3 per cent. 








TESTS OF LARGE BOILERS AT THE DETROIT 
EDISON COMPANY 


By D. 8. Jacosus, New Yorr 


Member of the Society 


Many engineers have held the opinion that eventually much larger 
steam boilers will be used than those in service. The size of turbo- 
electric generating sets has increased by rapid strides and it might 
seem that an increase in the size of boilers would naturally follow. 
There has been a strong feeling, however, that it would be unwise 
to employ very large boiler units, as a failure of one of the large units 
would throw out of use a much greater proportion of power than the 
failure of a smaller unit. 

2 Each of the boilers described in this paper is required, in the 
all-day practice of the power plant, to carry a load of 6000 kw. and in 
the evening to carry 7000 or 8000 kw. The experience in regular 
service of 18 months with the first boiler and of nine months with the 
second and third boilers has proven this to be good practice. The 
rated capacity of each boiler is 2365 h.p. on the basis of 10 sq. ft. of 
boiler heating surface per horsepower. Fourth and fifth boilers 
are now being erected and it is expected to complete the installation 
of ten boilers of this size within the next two years. 

3 The engineering world is greatly indebted to the Detroit 
Edison Company and to Alex Dow, the general manager of that 
company, member of this Society, for pioneer work in installing boilers 
of two or three times the capacity of the largest boilers heretofore 
used, and for the opportunity of conducting the most elaborate and 
painstaking series of tests ever made on a boiler. The preliminary 
and regular tests required that the boiler room of a large power house 
be under the control of the observers for nearly three months, and for 
six weeks over 50 men worked in eight-hour shifts, night and day, 
exclusively on the tests. All the water and coal was accurately 
weighed, and much work was done about the plant to avoid the possi- 
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bility of leakage affecting the results. The magnitude of the under- 
taking may be appreciated when attention is drawn to the total 
quantities measured, which were as high as an average per hour of 
eight tons of coal, 75 tons of feedwater and one ton of ashes, the 
totals amounting to about 5000 tons of coal weighed and 45,000 tons 
of water. 

4 The tests were run under the direct supervision of the writer, 
assisted by men chosen from the engineering staff of The Babcock & 
Wilcox Company. In addition tothe men furnished by the Detroit 
Edison Company, The Solvay Process Company provided a number 
of observers. Their experimental engineer, Lewis C. Rogers, codper- 
ated in securing the results and rendered most valuable assistance. 
Westinghouse, Church, Kerr & Company coéperated in designing 
apparatus and in making arrangements for the tests and was repre- 
sented in the tests. ‘The Solvay Process Company made heat deter- 
minations and analyses of the coal used in each test, and of the ashes. 
Duplicate samples were taken and the work was done a second time 
in the laboratory of The Babcock & Wilcox Company. The average 
of the results secured by the two laboratories was used in working up 
the tests. The tanks for weighing the water had each a capacity of 
20,000 Ib. Three such tanks and scales were provided, two being 
used regularly and the third held for a spare in case any irregularity 
developed in either of the other two. The coal was weighed by means 
of four special scales carrying overhead hoppers, each of about 
2500 lb. capacity. The coal was conducted from the regular chutes 
into the hoppers, which were provided with hinged bottoms held in 
place by latches. 

5 Twoseries of tests were made, one on a boiler fitted with Roney 
stokers, the other on a boiler fitted with Taylor stokers. Front 
and side views of the former are shown in Figs. 1 and2. Fig. 3 shows 
a side view of the boiler fitted with Taylor stokers. Four Roney 
stokers were used in the furnace, two being at the front and two at 
the rear of the boiler. There was a low division wall between the 
stokers, and between the two sets of stokers a bridge wall. The Taylor 
stokers had 13 retorts on the front side and 13 on the rear, or 26 in all. 
The retorts on each side were set in a continuous row so as to provide 
an unbroken fire surface from oneside of the boiler to the other. There 
was no bridge wall between the stokers, and when the dumping 
plates at the rear of each of the Taylor stokers were covered with fuel 
there was a continuous fuel bed beneath the entire boiler. The width 
of the furnace from one side to the other of the boiler was about 264 
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ft., and the depth of the furnace from the front to the rear of the boiler 
about 14 ft. The height of the furnace, measured above the dumping 
grates to the top of the first baffle, was about 29 ft. The large fur- 
nace volume combined with the particular form and height of the 
furnace had much to do with obtaining the high efficiencies. This 
will be treated more fully in Par. 13. 

6 The boilers were built by The Babcock & Wilcox Company. 
Each boiler contained 23,654 sq. ft. of effective boiler heating surface 
and was provided with superheaters for supplying approximately 
150 deg. of superheat. The grate surface, measured from the begin- 
ning to the rear of the dumping grates was 446 sq. ft. for the Roney 
stokers and 405 sq. ft. for the Taylor stokers. This method of meas- 
urement is not that usually employed in determining the grate 
surface of an underfeed stoker, but it was used in order to obtain com- 
parative figures for the two stokers. 

7 The design and installation of the plant and the general 
arrangement of the boilers and piping were under the charge of 
Westinghouse, Church, Kerr & Company. This firm designed the 
arrangement of the furnace brickwork for both the Taylor and 
Roney stokers; supervised the construction and followed up and 
corrected the minor defects which developed. Their engineering 
work in this connection involved the solution, on a large scale, 
of the problems which have always been troublesome to furnace 
designers, and it also involved the working out of special methods 
of construction- demanded by the exceptionally high furnace tem- 
peratures. The ability of Westinghouse, Church, Kerr & Company 
to meet and dispose of the furnace and stoker problems which were 
anticipated and which arose was an important factor in determining 
both the makers and the users of boilers to undertake the new depar- 
ture. Westinghouse, Church, Kerr & Company also coéperated in 
working out many of the construction details. This work and the 
general arrangement of the apparatus for the tests was under the 
charge of Henry O. Pond, to whom the author is indebted for valuable 
assistance. 

8 In the development of the large units at Detroit, Mr. Dow 
expected an increase in economy due to minimizing the radiation 
losses, and to the high temperature obtainable in the large furnaces 
and combustion chamber. He also expected a reduction in the first 
cost, not on account of a reduced cost per unit of boiler surface, but 
to a less cost of the settings, floor space, suspension structures, 
valves and piping. Troubles through brickwork were anticipated 
and there were troubles which, in the main, have been overcome 
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9 Another most important feature that had to be considered with 
so large a boiler unit was the possibility of tube troubles. In dealing 
with this point Mr. Dow inferred that their experience at the plant 
with the feedwater used in connection with boilers of a similar general 
type, warranted the conclusion that they should have practically no 
trouble with the tubes. This has been borne out by the experience 
with the boilers in actual service. 

10 Mr. Dow credits his friend, Mr. W. H. Patchell, for the first idea 
of the possibilities of large boilers. The boilers and settings at Detroit 
have no similarity to those installed by Mr. Patchell, but Mr. Dow 
says that to him is due the first conception of the economical possi- 
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bilities of the large units and the capacity obtainable through utiliz- 
ing the whole floor area for the furnace. 

11 A résumé of the results obtained is given in Tables 1 and 2 
in the Appendix. Table 1 contains the results of tests of the boiler 
run with Roney stokers, and Table 2 of a boiler run with Taylor 
stokers. Figs. 4 and 5 show the results of these tests graphically. 

12 It will be seen on examining the tables and figures that the 
combined efficiency of the boiler and furnace varies from about 80 
per cent at slightly below rating, to about 76 per cent at double 
rating. In obtaining these efficiencies, the steam used for driving 
the stokers and for producing the forced blast for the Taylor stokers- 
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has not been deducted from the total steam generated by the boiler. 
The amount of steam used by the Roney stokers was about 14 per 
cent of the total steam generated by the boiler, and for the Taylor 
stokers about 23 to 3 percent. The effect that this steam would have 
on the plant economy depends on the ability to utilize the same for 
heating the feedwater. In a plant where the heat in the steam ex- 
hausted from the auxiliaries is returned to the feedwater there would 
be but little loss. In the case of the Taylor stokers all of the exhaust 
steam from the turbines driving the forced-blast fans may be carried to 
the feedwater heater, whereas with the Roney stokers only about + 
of 1 per cent of the 13 per cent used may be so returned, since the 
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greater part of the steam is used in the jets which supply steam 
beneath the ignition arches of the stokers, and passes away with 
the chimney products. In a plant in which the auxiliaries are elec- 
trically driven, any power to operate the forced-blast apparatus would 
be a direct loss and, assuming in the case of the Taylor stoker that 
the steam consumption corresponding to the current required to 
drive the electrical auxiliaries is one-half of that found in the tests, 
the steam required to operate each of the stokers would be about 
the same. It therefore follows that the effect of the steam for driv- 
ing the stokers on the station economy cannot be generalized, but 
that each plant must be considered by itself. 
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13 The efficiencies secured are exceptionally high, and the ques- 
tion may be asked whether this is due entirely to the large size of 
the boiler units. A careful study of the test data shows that the 
efficiencies were obtained with the most economical furnace condi- 
tions and that the thoroughness with which the fuel was consumed 
in the furnace had much to do with the attainment of the high figures. 
On examining Figs. 1, 2 and 3, showing the general arrangement of 
the boilers and settings, it will be seen that the roof of the furnace has 
an A shape, and that the coal is fired at the front and rear of the boiler 
setting. With this arrangement, the character of the combustion 
may be maintained constant from one side of the boiler to the other, 
and the loss so often experienced through a stream or lane of excess 
air or unconsumed combustible gases passing through the boiler and 
escaping to the stacks will be avoided. Those conversant with the 
subject know that in ordinary boiler furnaces there is a great varia- 
tion in analyses taken from different points in the path of the flue 
gases leaving the furnace, whereas with the present furnace arrange- 
ment this action is reduced to a minimum, as any irregularity from 
the front to the rear of the grates disappears before the gases pass 
from the upper part of the combustion chamber, and as the composi- 
tion of the gases for uniform firing conditions will be uniform from 
one side of the boiler to the other, or from right to left in Fig. 1, it 
follows that the composition of the entire volume of the gases leav- 
ing the furnace will be substantially uniform. 

14 A straight reference line is drawn in Figs. 4 and 5 in order 
that the results obtained. by the two stokers may be readily com- 
pared, this line being the same on both diagrams. It will be noted 
that the test results fall on both sides of the line, and that the 
efficiency obtainable with each stoker is about the same. Naturally 
a curve should be used instead of a straight line to show the varia- 
tion in the efficiency, but the accidental variation in the test results 
is such that it would be impossible to trace an exact curve. 

15 On examining Fig. 4, it will be seen thai the efficiencies, where 
several tests are worked out together, including the periods between 
the tests, are only about 14 per cent lower than would be indicated 
by averaging the results for the separate tests by passing a straight 
line between the points. The same follows for the tests which are 
worked up together for the Taylor stoker. This shows that i1clud- 
ing the periods between the tests, during which the dust was blown 
from the exterior of the tubes and the firing was not watched as care- 
fully as it was during the tests, did not greatly lower the efficiency. 
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It was proposed at first to run a test of a week or more on each of 
the stokers, but this plan was abandoned, since there was trouble 
through leakage in the feed pump which made it necessary to shut 
down, and on reconsidering the matter it was deemed advisable to 
give up running as long a test as this since it developed that a week 
would be too long a period to run without blowing down the boilers. 
Test No. 15, with the Taylor stoker, included a banking period of 73 
hours. It will be noted that the efficiency including the banking 
period is about 75 per cent. The capacity of the boiler for each hour 
of this test is shown in Fig. 6. 

16 It will be seen (Figs. 4 and 5) that the average amount of 
steam used for driving the Roney stoker was about 13 per cent at 
all loads, and that it varied from about 23 per cent at rating to about 
3 per cent double rating for the Taylor stoker. Saturated steam 
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from another boiler was used for driving the auxiliaries. The satu- 
rated steam was reduced to its equivalent weight of superheated steam 
in determining the percentages above given. 

17 The minimum length of a regular test was 24 hours. The 
efficiency for a test of 163 hours is plotted in one diagram. In this 
particular test a special coal was used which ran out and thus 
brought the test to a close. Some of the tests were of 48 hours’ dura- 
tion and over. A continuous record was kept and, as stated in Par. 
15, the efficiency was determined for periods embracing several of the 
tests including the intervals between them. Intervals were selected 
from some of the tests and were worked up to obtain comparative 
results. Figures derived in this way are given in Table 3, and it 
will be noted that there is a substantial agreement between the results 
secured in the regular tests and the results for the selected intervals. 
It must not be inferred from this that sufficient accuracy. would 





D. S. JACOBUS 1449 


be secured by shortening the length of the tests. The tests reported 
in this paper were made after a painstaking series of preliminary 
tests with both of the stokers, and the operators were well trained in 
maintaining uniform conditions. Twenty-four hours is none too 
long an interval for obtaining accurate results with an underfeed 
stoker of the class tested, as one can readily appreciate when the 
fact is called to his attention that the generation of steam will 
continue after no more coal is fed to the furnace with but little 
difference in the appearance of the fire. There is no method whereby 
the fire can be measured except by sizing it up by the eye, as one 
must form an estimate of the amount of clinker present. One of 
the operators at the plant was earnest in his opinion that the fires 
as balanced up by the author for the Taylor stoker contained from 23 
to 5 tons more coal at the end of a test than at the beginning, a 
contention that was shown beyond doubt to be in error by the heat 
balances. This goes to show how far the estimates of the amount of 
coal may affect the results and that consequently there is great 
danger of obtaining erroneous figures in short tests. That an error 
in estimating the fire may cause a considerable error in a short test 
is exemplified in test No. 13 where, on account of a leakage at the 
feed pump, it was necessary to shut down after running 11} hr. The 
author was not present to make the final coal balance, and it will be 
noted that the efficiency is several per cent higher than it should be on 
the basis of the more accurate tests, and, further, that the efficiency 
secured would not have the proper. margin for radiation, etc., in a 
heat balance. Where the fire‘may be kept in a comparatively uni- 
form condition, as in the Roney stoker, it might seem that the tests 
could be shortened, but even in such cases the author is in favor of 
making 24-hour tests. 

18 Great care was taken to prevent the possibility of leakage 
affecting the tests. All fittings where there might be leakage were 
either blanked off or two valves were provided with an open drip 
between them. The boilers were tested with hydraulic pressure 
both before and after the tests. Special leakage tests were also made 
in which the hot boilers were completely filled with water and the 
full pressure maintained on the boilers and feed mains, and in each 
case there was no leakage indicated in tests of several hours’ duration. 

19 Tables 4 and 5 give the average analyses of the flue gases. It 
will be seen that the furnace efficiency was exceptionally high for 
both of the stokers. 

20 Tables 6 and 7 give the analyses of the coal and the heats of 
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combustion as determined in the laboratories of The Solvay Process 
Company and The Babcock & Wilcox Company, as well as the 
average figures used in computing the results of the tests. 

21 Table 8 gives a comparison of the results secured for the heat 
of combustion of the coal as determined in The Solvay Process Com- 
pany laboratory and in the laboratory of The Babcock & Wilcox 
Company. In this table the values are worked out per pound of 
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combustible, the percentage of ash in each case being that determined 
by the individual laboratory. The heat of combustion per pound 
of combustible, computed from the results of the ultimate analyses 
made by the two laboratories, is given, and it may be seen that the 
figures obtained by the oxygen-bomb calorimeter correspond very 
closely with the computed ones. The coal samples were obtained 
by taking a small amount of coal each time it was weighed and plac- 
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ing it in a covered air-tight receptacle. Smaller samples for the 
two laboratories were obtained independently from the large sample 
of coal collected during the test and the results of the two labora- 
tories were therefore influenced by any variation in the smaller sam- 
ples. 

22 Tables 9 to 11, inclusive, contain the average test data and 
computed results for the tests with the Roney stoker, and Tables 
12 to 14, inclusive, the average test data and computed results for 
the tests with the Taylor stoker. 





Fic. 8 Spectra APPARATUS FOR WEIGHING FEEDWATER 


23 Tables 15 and 16 give the results of heat balances. Two sets 
of heat balances were made, one applying to the gases after they 
left the boiler dampers, and the other to the gases at the top of the 
second pass directly beneath the boiler dampers. The analyses of 
the gases after leaving the boiler dampers were made with an Orsat 
apparatus, the samples of gas being obtained from the middle points 
of the flues. The temperature of the gases directly beneath the boiler 
dampers at the top of the second pass was determined by means of 
electrical couples, two sets being used at each side of the boiler. 
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The analyses of the flue gases at this point were made by a Hempel 
apparatus, an average sample being obtained by drawing the gas from 
six points at the front and six points at the rear of the boiler. The 
gas was drawn through the collecting piping with an aspirator, and 
a sample of the mixed gases was drawn into a collecting bottle for 
analysis. In order to make sure that the same weight of gas entered 
each of the six sampling tubes, a throttling cock was adjusted to 
make the suction on each tube a given amount, as indicated by a 
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water gage. The Hempel apparatus was also used in the way just 
described for analyzing the gases at the bottom of the second pass. 
The apparatus for obtaining the average samples was constructed 
by The Solvay Process Company. 

24 The results of the heat balances show that the average radia- 
tion and unaccounted-for losses are only about 23 to 3 per cent. 
There is naturally a variation one way or the other due to accidental 
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errors, but the results are as uniform as could be expected in work 
of the sort. 

25 Preliminary tests were first made on the boiler with the Tay- 
lor stoker. The apparatus was then shifted and preliminary tests 
were made on the boiler with the Roney stoker. A careful study of 
the operating conditions for the best economy was made in the pre- 
liminary tests. The results of the regular tests only are given in 
this paper. 








Fig. 10 SprectaL CONDENSER AND WEIGHING APPARATUS FOR DETERMINING 
QUANTITY OF STEAM USED BY STOKER AUXILIARIES 


26 Readings of temperatures, pressures, etc., were taken every 
half hour. The water was balanced each hour. The coal weighed 
per hour and supplied to the hoppers was balanced each hour and 
recorded, but no attempt was made to obtain a correct coal balance 
except at the beginning and ending of the tests, as this necessitated 
running the coal quite low in the hoppers of the stokers. As soon as 
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the data were taken, a copy was made on a large sheet in the boiler 
room, so that those conducting the tests could, at a glance, note 
whether the conditions were uniform. Marks and Davis steam tables 
were used in working up the results. 

27 Two views of the special apparatus erected for weighing the 
feed water are shown in Figs. 7 and 8. Water from the heater was 
elevated by means of a centrifugal pump specifically provided for 
the purpose and discharged into tanks supported on special plat- 
form scales. Two of these tanks appear in Fig. 8, the third being 
in the shadow of the building. The men weighing the water were 
protected from the weather by a rough housing placed above the 
level of the tanks, the scale beams being inside this housing. The 
water from the tanks ran into two lower horizontal tanks, one of 
which is plainly visible in Fig. 7. The lower tanks were provided 
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Fig. 11 Comparison oF RESULTS WITH THOSE FROM A B. & W. MARINE BOILER 


with gage glasses and the water was brought to an accurate level 
every hour. The water from the lower tanks was pumped directly 
into the boilers by one of the regular centrifugal feed pumps used 
at the plant. Any leakage in the glands of the pump was caught and 
returned to the large horizontal tanks by a small centrifugal pump. 
Two of the special hoppers and a portion of the coal-weighing scales 
are shown in Fig. 9. Fig. 10 shows a special condenser and weighing 
apparatus erected for determining the amount of steam used by the 
stoker auxiliaries. All scales were accurately calibrated to their 
full capacity before and after the tests of each of the boilers by means 
of standard weights. 

28 In order to compare the results with others where high effi- 
ciencies have been secured, Fig. 11 is presented. In this figure the 
straight line shown in Figs. 4 and 5 is transferred and marked, Averag« 
for Tests of Detroit Boiler. The plotted results for individual test: 
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shown in Fig. 7, are for tests made by a Board of United States Naval 
Officers on a hand-fired Babcock & Wilcox marine boiler and re- 
ported in the Journal of the American Society of Naval Engineers, 
November 1910. By combining the results secured with the two 
boilers it will be seen that the efficiency varies from about 80 per cent 
at an evaporation of 3 lb. per sq. ft. of heating surface per hour from 
and at 212 deg. fahr. to 76 per cent at 7 Ib., 72 per cent at 10 lb. 
and 60 per cent at 14.7 lb. It therefore follows that if the perfor- 
mance of the two boilers could be combined, a boiler could be run 
from about 80 per cent of the ordinary rating to over four times this 
rating, and for most classes of central power-plant service it would 
be possible to run all of the boilers in the plant all of the time, thus 
‘liminating the loss occasioned through having to carry a number of 


boilers under banked fires. The writer is now working on the devel- 
ypment of a boiler of this sort. 





APPENDIX 
TABLES GIVING DATA AND RESULTS OF TESTS 


TABLE 1 TESTS WITH RONEY STOKER. RESUME OF PRINCIPAL RESULTS 
| | | Per Cent | 
| 
No. of | Length, | Per Cent | B.t.u. in | 
Test | Hr. | Rating Coal _ 


Temp. of 
| Per Cent | Steam used | Per Cent | Flue Gases 
Ash in | Efficiency by Stoker | Combust!- | | Leaving 

Dry Coal Engines / bein Ash | Boiler, 


|and Steam 
Jets Deg. Fahr. 





105.0 

80.0 
113.8 
152.4 

94.0 
150.7 

98.6 
193.3 
195.7 
119.8 
127.3 


14362 
14225 
14308 
13756 
13896 
14037 
14476 
14493 
13689 
14098 
13977 


t Including periods between tests. 


TABLE 2 TESTS WITH TAYLOR STOKER. RESUME OF PRINCIPAL RESULTS 


Per Cent Temp. of 
No. of | Length, Per Cent| B.t.u. in pried Efficteney | Steam used Per Cent | Flue Gases 
Test Hr. Rating Coal | Ash in d Combusti-| Leaving 


Stoker 
Dry Coal ethene ble in Ash| Boiler, 
Deg. Fahr. 





151.2 : ‘ , ‘ 575 
107.9 , ’ , ° 493 
162.8 ‘ : ; . : 574 
92.9 : : y i 487 
211.3 , . ; ; 651 
121.3 . i ; ‘ 535 
185.2 : m , . 647 
123.1 . 74.90 : . 561 
7- 9f 140.0 . 77.66 . . 545 
10-11f , 132.8 9.58 75.66 : 3 542 





° © Bagines detving stokers and steam seein dstving a. 
f In test No. 15 the fires were banked for 7} hr. and the averages include this period. 
t Including periods between tests. 
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TABLE 3 TESTS WITH TAYLOR STOKER 


Resvutts or Recuiar Tests CoMPARED WITH REsvuLts FOR INTERVALS, SELECTED FROM THE 
ReGuiar Tests, ano Resucts ror a SHort Test WHERE THE COAL ON 
GRATES WAS NOT ACCURATELY BALANCED 


| 
i 


Per Cent Com- | 


| 
|| 
| 





Deg. 


Date of Trial and Time 


Sent Steam 
bustible in Ash 
Temp. of Flue 


Per Cent Rating 
B.t.u. in Coal 
Per Cent Ash in 
Efficiency 
Per € 
used by Stoker | 
Auxiliaries 
Gases leaving 
Boiler, 
Fabr. 





77.63 
77.90 


6-8, 1 p.m. to 6-9, 1 p.m. 
6-7, 4 p.m. to 6-9, 4 p.m. 
6-10, 10.30 a.m. to 10.30 


nN 
38 
wn oO 


= 
nts 
ee 


14049 J 76.18 3.66 668 


14061 J 75.84 3.41 651 

14027 , 79.21 2.52 : 
6-13, 3 p.m. to 6-14, 3 p.m. " 13994 F 79.19 2.62 555 
6-12, 3 p.m. to 6-14, 3 p.m. , 14010 : 79.24 | 2.57 535 
6-14, 9 p.m. to 6-15, 8.30 | 

14056 ‘ 79.6¢ | 3.29 35.3 641 


{ Efficiency ‘inaccurate on account of error in estimating the amount of coal on the grate at the 
end of the test. 


‘ TABLE 4 FLUE GAS ANALYSES—RONEY STOKER 


Bortom or Last Pass Top or Last Pass In F.ivg 
No. of a i. me _ a 


CO: Oo 





° 
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TABLE 5 FLUE GAS ANALYSES—TAYLOR STOKER 


Borrom or Last Pass Top or Last Pass In Five 
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TABLE € RONEY STOKER. COAL AND ASH ANALYSES, PERCENTAGES BY 
WEIGHT 


ProxmmaTe ANALYSIS OF 
Coau 


Utrimmate ANALysis or Dry Coat 


Cc H oO 


Fixed 

Carbon | 
| Volatile 

Moisture) 
B.t.u. in Coal 
Combustible 

in Ash 
Moisture in Ash 


| } 
59.50 : , 14369, 18.04) 23.37, 80.35 7.03 | 0.96 


63.69 : ; ; 14354 21.27) 24.39 78.67 7.76 | 1.20 
61.59 , . 14362 19.65) 23.88: 79.51 7.39 | 1.08 


59.44 08! 1. 14225 15.56 24.37) 79.45 6.36 | 1.06 
63.55 P . . 14224, 20.23 23.93 77.69 6. 7.67 | 1.17 
61.49 ’ , , 14225 17.90 24.15 78.57 7.02 1. 


59.31 , 14400 29.72 21.96 E 
61.01 | ‘ ‘ , 14215 19.18 20.56 
60.16 ‘ . 14308, 24.45, 21.26 


58.01 | 13529 32.84) 22. 44 
62.89 | 31. ' 98 | 13984) 28.76 23.46 
60.45 | 4. 99 | 13756 30.80 22.95 


58.56 . 13747| 28.63) 23.23 
62.73 | ; 14045) 34.50, 26.86 
60.65 ‘ 13896, 31.57 25.05 


60.02 . , , 13572, 24.94, 23.04 
| 62.17 , 14501) 28.54) 23.65 
| 61.10 : 14037) 26.74) 23.34 


63.57 14155) 38.82 
66.94 : ‘ . 1479; 29.33 
65.25 | 27.83 : 14476 34.08 


63.29 | 28.76 . 14265, 28.25 
66.49 | 27.70 : 5.81 | 14721, 20.96 
64.89 | 28.23 6.88 14493 24.61 


57.36 | 31.63 J 11.01 13385, 25.29 
62.30 | 29.75 7.95 13993) 21.08 
59.83 | 30.69 9.48, 13689) 23.19 


(S | 68.81| 34.38 1.61 | 6.81, 14042 27.04 
62.18 | 31.53 | 1.90 | 6.29 14155 24.54 
60.50 | 32.95| 1.75 | 6.55 14098 25.79 

| 
59.14 | 34.22 1.95 | 6.64 13677 27.32 
5-6 62.35 | 32.77, 2.08 | 4.88 14277 31.52 
l 


60.74 | 33.50 2.01 5.76 13977 29.42 








* S, Determined by The Solvay Process Co.; B, Determined by The Babcock & Wilcox Co.; A, 
Average used in working up results. 


t Includes periods between tests and figures are based on analyses of all of the coal used. 
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TABLE 7 TAYLOR STOKER. COAL AND ASH ANALYSES, PERCENTAGES BY 

WEIGHT 

PROxIMATS ANALTS® OF Uutimate Anatysis or Dry Coat 
Coa | 


No. of Test 


Volatile 

Matter 

Moisture 
Combustible 
Moisture in Ash | 


~ 
* 
—_—~!, 


CDaneRBH PDH PDR 


——, 


Go 


o 
— oS et et eet ett 


59.95 
60.32 
60.14 
58.98 
60.26 
59.62 


57.79 
60.32 
59.06 


58.80 
62.36 
60.58 14061 


57.59 . 13585 
62.10 : é 14469 
59.84 . . 14027 


60.05 : . 13996 
63.62 ‘ . . 13991 
61.84 , , 13994 


58.82 13790 
62.86 5.30 14230 
60.84 14010 


60.18 6.66 | 14141 
62.89 5.19 13970 
61.54 14056 


59.82 5.84 14111 
63.24 4.67 14433 24.92 . F 
61.53 | 33.21 5.26 14272 28.84 . : . . 1.01 5.59 


61.30 | 33.24 5.46 | 14231 32.27 
62.99 | 31.75 5.26 | 14194 28.77 
62.14 | 32.50 5.36 14213 30.52 


59.18 | 33.65 7.17 13900 32.12 
61.70 32.19 6.11 14067 27.82 
60.44 32.92 6.64 13983 29.97 


58.82 | 34.12 , 7.06 13830 32.65 
61.07 | 33.19 . 5.74 14361 29.49 
59.95 | 33.65 ‘ 6.40 14095 31.07 


-_ 
o 
Cs 
in ad 
or we 


eS EO 


aApwen p Br bb 


mm 
Oo 


14188 


13862 
14235 
14049 


13889 
14232 


sz sen e8es 
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| 
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"S$ Determined by The Solvay Process Co.; B, Determined by The Babcock & Wilcox Co.; A, 
verage used in working up results. 
' Includes periods between tests and figures are based on the analyses of all of the coal used. 
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TABLE 8 COMPARISON OF THE HEATS OF COMBUSTION OF THE COAL DETER- 
MINED BY THE SOLVAY PROCESS COMPANY AND THE BABCOCK & 
WILCOX COMPANY 


B.t.u. PER LB. oF 
B.t.v. PER LB. oF AsH IN COAL Br B.t.vu. PER LB. oF 


CoMBUSTIBLE FROM 
| Dry Coat* ProxiMaTE ANALYSIS CoMBUSTIBLE 
Test No. Urrmate Anat. 


| Solvay B.&W. Solvay B.&W. Solvay B.&W. Solvay B.&W. 


14369 14354 5.26 15167 15135 15308 15542 
14225 14224 6.48 : 15211 15154 15413 15497 
14400 14215 5.74 : 15277 15156 15677 15322 
13529 13984 8.01 . 14707 14873 15125 14844 
13747 14045 6.61 ‘ 14720 14790 15103 14939 
13572 14501 6.58 . 14528 15200 15159 15648 
14240 13759 4.85 : 14966 14725 15021 15291 
14009 13920 6.61 . 15000 14685 15266 14381 
13769 14227 8.37 ‘ 15027 15154 15233 14988 
13876 14500 6.85 . 14896 15388 15400 15463 
13889 14232 6.71 : 14888 15008 15257 15011 
13790 14230 7.62 . 14927 15026 15472 14682 
14111 14433 5.84 ‘ 14986 15140 | 15427 14793 
14155 14797 8.62 : 15490 15612 16007 15240 
14265 14721 7.95 , 15497 | 15629 16244 15910 
13385 13993 11.01 15041 | 15202 | 15663 15378 


oOonoark wns 


Gen. Avg. 13960 14259 7.07 : 15020 15117 15423 15183 


* Secured with an oxygen bomb calorimeter. 


t From formula B.t.u. = 14600 C + 62000 (H — a 1+ 4000 S 


TABLE 9 RONEY STOKER TEST DATA 


AVERAGE 
Drart, 
IN. OF 
WaTER 


STEAM PREs- 
SURE BY 
Gaag, Ls. 
PER Sa. In. 


ury 


TEMPERATURE, Dec. Faure. 


| 


| In Ash Pit 


elow the Two Damp- 


at Temp. of Boiler Room 
Bank of Tubes 


Outlet Y 
Boiler 


Barometric Pressure, In. Merc 
ers 


Date of Trial 
Duration of Trial, Hr. 
Entering Superheater 
Leaving Superheater 
Fire Room _ 
Saturated Steam Cor- 
responding to Outlet, 
Gage Pressure 
Superheated Steam 
Superheated Steam at 
Feed Water Entering 
Gases Entering Rear 


Test No 
Superheat 


| 


|In Boiler 
| Tn Furnace 
| Gases below Damper 


| B 
3 | Gases Leaving Boiler 
oa 


5-17-18-1125 | 195 -5 190 29.260.420.320.1682 
5-18-19-1124 | 192 -2, 188 29.170.050.160.0681 
5-20-21-1124 | 198 -1 192, 29.230.510.390.2180 
5-21-22-1130 | 201 -0 192 29.390.550.220.0281 
\5-24-25-1124 | 199, .... | 187, 29.450.160.240.1073 
5-25-26-1124 | 200 197.8 191 29.370.570.260.1679 
6-18-19-1132 | 193 191.4 188 29.370.170.230.1279 
6 - 20 - 1116.5, 207, 205.5, 194, 29.390.950.340.0679 
6-20-21-1124 | 207 205.2 194 29.481.110.330.0573 
2-4t 5-18-22-1190 | 199 195.7, 191) 29.270.380.280.0681 
5-6¢ 5-24-26-1155 | 209 195.9, 189 29.400.380.250.0576 


t Includes periods between tests. 
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TABLE 10 RONEY STOKER. TEST DATA AND RESULTS 


STEAM USED BY 


Sroxer Enaines, ST&4M Use sy 
| Ls. per Hr Jers, Ls. per Hr. 


per- 


g | Dry Coal, Lb. per Hr. 


Ft. of Grate 


heated Steam 
heated Steam 


Steam 
Steam 


Relative Humidity of Atmos- 


phere, Per Cent 
Per Cent Ash based on Dry 


Saturated Steam 
Equivalent in Su 
Per Cent of Total 
Saturated Stéam 
Equivalent in Super- 


> 


| Dry Coal, Lb. per Hr. per Sq. 


| Feed Water, Lb. per Hr. 
Moist Coal, Lb. per Hr. 

| Ash (Wet), Lb. per Hr. 
Ash (Dry), Lb. per Hr. 


' Per Cent of Total 


z 


74208 
57036 
80318 
107056 t 
67099 607 
106196 903 
70148 . 736 
135676 .85 1325 
A 135770 33.60 1750 
66.0 84401 19.81 781 
63.9 90039 21.21 841 


~] 

2 

828s 

ce oe oe oe oe ot oe | 

one = Om | 

ceoscessssoece 

en ee ee 
-owawme © HS @ 





TABLE 11 RONEY STOKER. COMPUTED RESULTS 


2 
ped 


of 


Dry 


Steam from and at 


Ft. 


Boiler Heating Sur- 


into 
face per h.p. 


ivalent Water per 

r. from and at 21 

Deg. Fahr. per Sq. 
10 Sq. 

of Boiler and Fur- 


Developed on Basis 
nace 


212 Deg. Fahr., Lb. 


per Hr. 


Deg. Fahr. per Lb. 
Ft. of Boiler Heat- 
ing Surface 


of Dry Coal 


tion from and at 212 


orated 


Per cent of Rated h.p. 
of 


Equivalent Evapora- 
Horsepower Develo 


et 


Factor of Evaporation 
| EquivalentWater Evap- 


| Combined Efficiency 








R 
b= | 
a 

| 


~I sy <7) «7 
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TABLE 12 TAYLOR STOKER. TEST DATA 


| Steam PREs- 
SURE BY 
Gaag, Ls. 
PER Sq. In. 


bE AVE RAGE 
Drart, In. TEMPERATURE Dec. 
or WATER 


M 


+ 


| Suction below Boiler | 


cury at Temp. of Boiler Roo 


responding to Out- 
let Gage Pressure 
Bank of Tubes 


Dampers 


Barometric Pressure, In. 
Outlet 


Entering Superheater 
Suction in Ash Pit 
Saturated Steam Cor- 
Superheated Steam at 
Gases Leaving Boiler 
Gases Entering Rear 


| Fire Room 
Superheated Steam 


Date of Trial 
In Boiler 
Superheat 


Leaving Superheater 
| Air Blast in Tuyeres 
Y 
| Feed Water Entering 
| Gases below Damper 


| Duration of Trial, Hr. 


| 
202. 29.45 1.300.580.0373 
6- 3- 4-11 24 197. 29.460.760.200.1170 
6- 5- 7-1150 202. 29.31)/1.73 0.53 0.06 69 


6- 2- 3-1124 | 205 
200 
206 
6- 8- 9-1124 | 197) 195.0 29.500.650.200.15 73 
195 
210 
210 


SB 
eB 


6- 7- 9-1148 193.8 29.500.670.200.1571 
6 - 10-1112 206.5 29.25 2.540.830.0390 
6- 9-11-11 26. 207.5 29.25 2.530.840.0283 
6-12-13-1124 | 196 194.7 29.04,0.800.240.08 64 
6-13-14-1124 | 198 196.1 | 29.210.960.270.0270 
6-12-14-1148 | 197 195.2 29.13,.0.88,0.260.05,67 
6-14-15-11 11.5) 197 195.3 29.25/2.540.85).... 63 
6-15-16-1124 | 206 203.0 29.30)1.56,0.840.2070 
6-16-17-1124 | 199 197.3 29.28)1.610.57.... 69 
7-9f 6- 2- 7-11109 | 203 200.6 29.30) ...0.45....'70 
10-11 6- 7-11-1180.5 200 198.6) 190, 29.66)....0.44....75 


t Includes periods between tests. 
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a 
ie) 
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TAYLOR STOKER. TEST DATA AND RESULTS 


_ 
— 
Be 
2 
a 
— 
g 
- 
Q 


Stream USED By STOKER 
ENGINES AND TuR- 
BINES Drivina Fans, 
Ls. PER Hr. 


r Hr 
Grate 


PC 





Atmosphere, Per Cent 
per Sq. Ft. o 


Test No. 
Relative Humidity of 
Feed Water, Lb. per 
Moist Coal, Lb. per Hr. 
on Dry Coal 

in Super- 

heated 

Steam ' 

| Per Cent of 
Total 
Steam 


Per Cent Ash Based 


Ash (Wet), Lb. per Hr. 
Ash (Dry), Lb. per Hr. 


| Dry Coal, Lb. 
Equivalent 


= 
2 
Saturated 
Steam 


NSO me Ow 
on 
oa 
ne 
to 


cr = <) 
eoenwrosecwrtl © 
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TABLE 14 TAYLOR STOKER. COMPUTED RESULTS 


into 
Steam from 
Deg. 

r. 

Fahr. per 
of Boiler 


at 212 


Fahr. per Lb. 


ry 
r Hr. from and at 


212 Deg. 


Sq. Ft. 


10 Sq. Ft. of 


B 


Evaporated 
Fahr., Lb. per 
| Equivalent Water 


De. 
of 


Equivalent Water 
tion from and at 212 


of Boiler and Fur- 


Boiler Heating Sur- 
nace 


face per Ht.p. 


Developed on Basis 


Equivalent Evapora- 
of 


Factor of Evaporation 
Heating Surface 


Dr 
an 
pe 


Horsepower Developed 
Per cent of Rated h.p. 
Combined Efficiency 





TABLE 15 RONEY STOKER. HEAT BALANCE, PERCENTAGES OF 
TOTAL HEAT IN COAL 


Five Gas ANALYSES AND TEMPERATURE TAKEN IN BREECHING 


| 


. | Heat to CnHImNEy 
No. Absorbed Moistu: 


of y re Hydrogen __ Carbon | Carbon  Radia- 
Test! Boiler ™ Coal | in Coal | Hest to | Metstuse Setel Monoxide in Ash _ tion, etc. 
Chimney in Air . 
77.84 . | 13.56 0.37 13.93 
79.88 ‘ - | 9.15 0.26 9.41 
77.45 , . 11.39 | 0.32 11.71 
75.78 : i 12.79 0.36 13.15 
81.15 ’ 4 9.11 0.20 9.31 
75.28 , ‘ 13.17 036 | 13.53 
80.98 } . 8.94 0.19 9.13 2.02 
76.73 | : ' 12.47 0.28 12.75 \ 3.04 
75.57 | i / 14.34 0.27 14.61 . 2. 1.93 


| Average 


2.07 
4.57 
3.62 
2.33 
1.51 
3.37 


$0 0 rs 00 8D re om oe 
RSFSSERSS 


Fius Gas ANALYSES AND TEMPERATURES TAKEN Betow Dampers 


0.18 4.59 , | 0.38 14.21 0.0 1.20 

0.16 4.36 ; | 9.27 ° 0.27 1.20 

0.15 4.58 , 0.37 » 13. 0.09 1.85 
4.32 R | 0.21 , 0.73 2.29 
4.75 . 0.36 ° 0.58 


4.20 97 | 0.19 0.0! 
4.45 67 | 0.29 i 0.97 


* Pyrometer out of order and taken out to be examined. 
t Leakage of air into collecting device of gas analyses apparatus. 
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TABLE 16 TAYLOR STOKER. HEAT BALANCE, PERCENTAGE OF 
TOTAL HEAT IN COAL 


Five Gas ANALYSES AND TEMPERATURE TAKEN IN BREECHING 
Heat To CHIMNEY 
> — Moisture Hydrogen| mE - lh 
Test | Boiler | ‘Coal | in Coal | Heat to | Moisture 
\Chimney| in Air 


Carbon | Carbon | Radia- 
Monoxide) in Ash | tion, etc. 


Total 


| 
11.54 | 0.28 11.82 1.61 | 2.31 


10.12 0.24 10.36 0.40 1.80 
11.21 0.25 11.46 0.44 2.20 
11.35 | 0.26 11.61 0.97 | 2.77 
11.91 | 0.35 | 12.26 0.59 | 3.58 
11.05 | 0.21 | 11.26 0.16 | 2.32 
13.15 0.57 | 18.48 | ©.81.| 32.67 

| Average 


Five Gas ANALYSES AND TEMPERATURES TAKEN BeLOw DAMPERS 


12.76 0.30 .06 | 0.0 

10.20 | 0.25 .45 | 0.04 

11.33 |. 0.23 0.08 

10.64 | 0.24 88 | 0.0 

11.60 0.34 ‘ 0.77 : 

10.22 0.19 | 0.0 2.32 

13.19 0.27 0.25 2.57 | 
Average! 3.29 





DIE CASTINGS 


By AmMAsA TROWBRIDGE 
ABSTRACT OF PAPER 


A brief summary is given of the state of the art of making small castings in 
steel molds. The principles are outlined of this process of casting and of hand 
and automatic casting machines. The composition and characteristics are 
given of the metals best adapted for use with reference to the effect of temper- 
ature and shrinkage together with examples of comparative cost. 








DIE CASTINGS 


By Amasa TROWBRIDGE, HartrorD, CONN. 


Member of the Society 


The art of die casting, that is, the making of castings in steel molds 
to finished size and shape, was first introduced in connection with the 
manufacture of type. The first attempt at type founding was made 
in France, followed shortly by manufacturers in other countries. 
The first successful attempt in the United States was about 1735. 
As soon as it was established that finished type could be cast in steel 
molds, inventors naturally turned their attention to machines for 
doing the work. Such machines were attempted early in the 19th 
century and by the close of that century the perfected linotype and 
monotype machines, which are fine examples of die-casting machines, 
had been evolved. Machines for casting individual pieces of type 
are also still in use and the most recent ones will cast about 125 to 
150 pieces per minute. This gives some idea of the speed with which 
such castings can be made. 

2 When the casting of type was perfected, it saved so much 
time that its usefulness for making other pieces which were wanted 
in large quantities was at once evident. Accordingly many men 
have made efforts to perfect a machine or process by which they 
could turn out finished castings correct as to size and shape. Since 
type was first successfully cast it is natural that the same methods 
should be used for making other castings. So far no material superior 
to steel, the material used for type molds, has been found for making 
the matrices, or dies, as they are called. Brass can be and is used 
where the casting is very intermittent as in a linotype machine, but 
for continuous work and where accuracy and truth are required, steel 
is necessary. 

3 The next consideration after the material for the dies is that 
for the castings. Table 1 gives a few facts concerning the materials 
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that are of interest in connection with this subject, whether for making 
dies or castings. 

4 There are only a few common metals with a melting point suffi- 
ciently low to be cast in steel dies, because these do not have to be 
brought to their melting point to be spoiled. If improperly treated 
in making, the dies are very susceptible to injury in use. Fine 
cracks are sometimes made in hardening the dies, causing them to 
break when subjected to the constant change of temperature which 
occurs in their use. Thin places in dies are more apt to get burned 
than heavy parts. For most work hardened dies are superior to 
soft, but their cost is very much greater. 


TABLE 1 DATA OF MATERIALS USED FOR DIES AND CASTINGS 


Strength Lb. per 
Melting Point 
©. In. Modulus of 


Material : | Elasticity 


Com- 
Deg. Cent. Deg. Fahr.| Tensile pressive 





657 1214 12000 11000000 
630 1166 
266 
322 
1072 
326 
633 
230 
415 
1505 
1451 
1427 


5 In general, the method of making a casting is as foilows: A 
suitable die or mold is made in steel. This must be so arranged that 
when opened, the casting will either drop out or be easily ejected. 
The die should have the fewest possible partings. This is important 
because it is easier to hold the casting to correct size when the die is 
in a few pieces than when it isin many. Also, the fewer the partings, 
the fewer the fins that will be made on the castings. Fig. 1 shows a 
complicated casting. 

6 Whenever cores are necessary, suitable means must be provided 
for. withdrawing these without deforming the casting. The die 
must close properly, that is in correct alignment, and be held firmly 
because the pressure of the fluid metal has to be overcome. The die 
being held closed in the machine, metal is forced into the die, pressure 
being provided by a pump which acts directly on the metal, by air 





AMASA TROWBRIDGE 1469 


pressure on top of the molten metal or by a head of molten metal. 
The metal is allowed only to set. The mold is then opened and the 
casting removed, the casting being left in the mold only as long as is 
absolutely necessary. If the die is too hot, it is then cooled and the 
operation repeated. The temperature of the die is important, and 
should be held constant because the expansion of the die will change 
the size of the casting. This operation is generally carried on in 
so-called hand-casting machines, that is, machines operated by 
manual labor. 

7 Automatic machines are in use and have great advantages in 
producing uniform castings because the conditions do not vary. The 
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automatic machine is run at a constant speed and is not subject 
to varying conditions due to the operator becoming tired. Hand- 
casting machines produce quantities of 500 per day, more or less, 
depending on the size and complexity of the piece. Automatic 
machines produce the castings much more rapidly and save on labor 
just as does any other type of machinery. 

8 While the writer has been able to find only one maker of casting 
machines who is willing to publish a description of them, a few illus- 
trations are given to indicate the form of machine that is used, and it 
might be well to say that these actually show only the principles 
involved in each machine rather than the perfected mechanism. 

9 Fig. 2 shows a machine in which the metal is pumped into the 
mold by hand. A is the hot, molten metal; C the charging chute; 
H a valve to close this; ZH the pump cylinder; F the plunger; G 
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the pump lever; J the nozzle through which metal is forced into the 
mold M; K a valve for emptying the metal pot B. The gas for heat 
is supplied through pipe L, and the waste gases escape at 7’. 

10 Fig. 3 shows an automatic machine. A is the molten metal; 
B'the gas pipe; D the pump plunger; E the pump cylinder; F a valve 
to close the passage between the pump chamber and the metal pot, 
while metal is forced through the nozzle into the die or mold G, 
which is brought up tightly against the nozzle while the metal is 
forced in. The left end of F closes the nozzle, while metal is drawn 
into the pump chamber by the raising of the plunger D. 
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Fig. 4 MacuiInge usinc Arr Pressure To Fitt Moup 


11 Fig. 4 shows a hand machine in which air pressure is used to 
force the metal into the mold. Air enters at A and is controlled by 
the valve B. It comes down through the vertical pipe C and exerts 
a pressure on the loose piston D. This piston is hollow and floats on 
the metal contained in the pump chamber EF. Metal is admitted to 
this chamber Z from the main metal pot F through the valve G. The 
metal is forced by the pressure of the piston D out of the nozzle H 
into the mold J. The use of the piston D prevents oxidization of the 
metal from contact with the air which is admitted to force the metal 
into the mold. This air pressure is released before the valve G is 
opened so that metal can flow by gravity into the pump chamber. 
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The metal which is forced directly into the mold istaken from below 
the top surface of the molten metal and this precludes the oxidized 
skin on top of the metal from being forced into the dies. Any_of 
this oxidized metal would make bad castings so that this point is 
important. The entire pump chamber in this arrangement is sub- 
merged in molten metal so that it is kept hot. The nozzle‘is so 
situated that it is probable extra means would have to be used to keep 
it heated and prevent the metal from freezing at this point. Undoubt- 
edly in the practical working out of the machine this point was cared 
for. 

12 The feature about die castings which most appeals to the man- 
ufacturer is their accuracy. So long as the dies are in good condition, 
























































Fic. 5 VEEDER CYCLOMETER WITH SECTION VIEW 


the castings should be perfectly true, both in size and shape. This 
does away with the necessity of gaging and makes it possible to use 
them without their having to be fitted into place by any hand work. 
A careful inspection is necessary, and this should be done as soon as 
possible after the castings are made so as to detect any flaws due to a 
slight failure of the dies. Any fins or burs formed by the necessary 
joints in the dies can be removed at the same time that the castings 
are inspected. Usually these fins are not thick and can be taken off 
thoroughly and quickly with a light hand tool. 

13 A difficulty due to shrinkage is sometimes encountered when 
these castings are to be used in connection with parts made by some 
other process. While the shrinkage will be the same in two castings 
made in the same die if the metal is properly handled, it does not 
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always follow that it is proportionately the same when they are made 
from different molds. It is affected to a marked degree by the form 
o! the casting, and if the castings are to be used in connection with 
nachined pieces, it is advisable that these be machined to fit the cast- 
ing. When it is not possible to do this and the casting must be 
fiited to existing pieces, sample castings should be made, and if these 
are not correct, the dies can be altered to make castings that are correct. 
I. doing this, sufficient material must be allowed for grinding away, 
the casting being at first too small, although this makes a great deal 
of extra work. 

14 The greatest gain obtains when an entire machine can be made 
of such castings. One of the best examples of this is the Veeder 
cyclometer so universally used on bicycles. This instrument is com- 
posed of about a dozen die castings and nearly as many parts of other 
materials. The number rings have 0.001 in. play, and yet these cast- 


























Fig. 6 Heap ror Desk TELEPHONE Fic. 7 A Lua 
Martcuine Fia. 6 


ings are made in enormous lots and, without being gaged, are assem- 
bled into the die-cast cases where they fit and work properly. So 
exact are these castings that when new, the instruments work more 
easily without lubrication than with it. This would obviously be 
possible only where the clearances are extremely small. A small 
dimension on these castings can be maintained to 0.0001 in. This 
instrument is illustrated in Fig. 5, the section view showing the rings 
both in their relation to the hub on which they turn and in contact 
with the transfer pinions. These latter turn on a German silver 
shaft 0.04 in. in diameter. The hub which forms the bearing for the 
number rings is so large in proportion to the width of these that they 
would tip and cramp if much end play were allowed. This makes 
it necessary to hold the dimensions on the rings correct within less 
than one-half of 0.001 in. In Figs. 6 and 7 are shown the head for a 
desk telephone, with a lug matching it. 
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15 The quality of these castings depends on both the alloy used 
and the method of making them. The alloys in most common use 
are those having a zinc base. This metal is useful in certain alloys 
particularly with copper, but if alloyed with aluminum is unsuit- 
able for most purposes. Aluminum-zinc alloys are frequently use 
because aluminum makes the alloy lighter in weight~and in colo 
Some time after manufacture, castings of this alloy begin to disinte 
grate and will actually fall to pieces. In the disintegrating proces; 
they also change shape badly so that they should never, under an: 
circumstances, be used for pieces which are wanted to stay flat or 
true. This alloy also tarnishes rapidly., Most of the alloys of zinc 
are too brittle to be of much use for the making of die castings. The 
usual effect of casting in metal molds is to make harder castings than 
would be made from the same metal in sand molds. For this reascn 
a fairly ductile metal should be used. 

16 The alloys of tin are being used quite extensively for die cast- 
ings.. These alloys possess the two desirable qualities of being quite 
ductile‘and of melting at a low temperature. Genuine babbitt metal, 
as it is commonly called, is an alloy consisting, according to the best 
authorities, of about 89 per cent tin, 7.3 per cent antimony and 3. 
per cent copper. This is a remarkably fine bearing metal and is 
possessed of sufficient strength to make it useful for many small parts. 
By certain changes in the alloy a composition even better for ordinary 
die-casting use can be produced. 

17 The alloys of lead are used to a limited extent but, except for 
type, this metal is more often’ used in small proportions than as the 
foundation of the alloy. It is too heavy and lacks sufficient strength 
to make a very desirable metal. The percentage of lead in an alloy 
is sometimes increased for the sake of lowering the melting point and 
the price per pound. 

18 Antimony is a common constituent of all die-cast alloys. 
The addition of this metal in the proper proportions, makes the alloy 
hard enough to machine well and increases the fluidity of the metal 
in its molten state. This makes it possible to obtain sharp castings 
such as are made from type metal, which is an alloy consisting of 
lead, 873 per cent, and antimony, 123 per cent. 

19 In making an alloy of any two metals, when they are in cor- 
rect proportions, there is formed an eutectic, the melting point of 
which is lower than that of either of the constituent metals. In some 
cases by the addition of a third metal, the melting point may be still 
further lowered. 
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20 The strength of die castings is of course largely dependent 
m the alloy, and also on the method of casting. Unless proper pre- 
‘autions are taken to insure sound castings, much trouble will be 
neountered from blow holes.. To prevent these is often very diffi- 
‘ult and sometimes impossible. They are caused both by the form 
f casting and by the tendency of the molten metal to hold minute 
ubbles of air or other gases which are carried into the mold and do 
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- not escape before the casting sets. This is a case exactly parallel 
i ngs to that found in making iron castings. The shrinkage of the ordinary 
* die casting is not as great as that of cast iron, and some of the tin 
" alloys particularly shrink scarcely at all. 

“a 21 Another similarity to iron molding is found in the fact that the 
wa outside skin of the die casting is ordinarily stronger and harder than 
wer ' its interior. The hard outside skin is always desirable on a die 
' still casting, because the piece being cast to its finished size and no cutting 
| being required, it is this outside skin which is first subjected to wear. 
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22 Exact figures on the strength of die castings might be quite 
misleading unless the exact composition and treatment of the castings 
were noted, so that general figures only can be given. They compar: 
very favorably with cast iron in tensile strength, but are not nearly 
so strong in compression as that material. Their compressive 
strength is usually but little greater than the tensile, although it i: 
somewhat, say one-third, greater. As the material is not as brittk 
as cast iron, it can be subjected to shocks which the iron would not 
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withstand. Most die castings are much more ductile than cast 
iron. The greater ductility of the die castings is an advantage for 
threaded or tapped pieces. The castings do not chip out when 
tapped near an edge and a fine thread may be used. Some of the 
alloys are so ductile that the castings may be spun or riveted. This 
is often needed or is convenient for fastening two castings together 
or fastening a casting and some other piece. 
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23 Very little idea can be given of the cost of parts manufactured 
by the die-cast method. The tools or dies are costly or otherwise, 
according to their complexity or their simplicity. Practically all 
the die-casting manufacturers make the customer who ordered the 
castings pay for the dies. The parts are then charged for according 
io the time needed to cast them and the amount of metal used. As 
only the metal in the finished casting is charged for, there is no expense 
for scrap. The time for casting a complicated piece is little, if any, 
greater than for a simple one. From this it follows that the more 
complicated the casting, or the more difficult it would be to machine, 
the greater will be the saving effected by the use of die castings. The 
number of pieces to be made from a die is also pertinent, for hundreds 
of thousands of pieces can be made from some dies with no injury 
whatever to them. Other dies may need frequent repairs due to 
unavoidably weak points in their construction. Number wheels 
having internal or hooded gear teeth are good examples of parts 
which are profitably made by this process. 

24 4The set of number wheels and pinions shown in Fig. 8 will 
serve as a fair example for the comparison of costs by hand-casting 
machines and by automatic machines. The dies for this set of wheels 
and pinions for a hand machine would cost in the neighborhood of 
$450. The number-wheel castings would cost, in lots of 1000, about 
10 cents each, and in lots of 10,000, about 83 cents each. The pinion 
castings in lots of 1000 would be 4 cents each and in lots of 10,000 
would be 3 cents each. The cost of the dies for an automatic machine 
for the same wheels and pinions would be about $2000. The number- 
wheel castings in lots of 10,000 would cost about 23 cents each, and 
in lots of 25,000 or more about 2 cents each. The pinion castings 
would cost about 13 cents in 10,000 lots and in 25,000 or more lots, 
about 1 cent each. 

25 The necessary die for the internal and external gear shown in 
Figs. 9 and 10 would cost about $100 for a hand-casting machine, and 
the castings about 13 cents each in 10,000 lots. The dies for the same 
piece to be used in an automatic machine would cost about $450, and 
the castings would cost about 2 cents each in 10,000 lots, plus 8 to 9 
cents each for metal. The bevel gear illustrated was made in a 
hand-operated machine of a zinc alloy, commonly known as hard 
metal. A die for this costs about $90, and the casting 7} cents each 
in 1000 lots, and 6} cents each in 10,000 lots. 

26 Fig. 11 shows the Soss die-casting machine. This machine 
is offered for sale and enables a manufacturer to make his own die 
castings with a comparatively inexpensive equipment. 








GAS POWER SECTION 


PRELIMINARY REPORT OF LITERATURE 
COMMITTEE 


(XT) 
ARTICLES IN PERIODICALS! 


AUSNUTZUNG VON GASWERKSNEBENPRODUKTEN FUR KRAFTZWECKE, NEUERE 
ERFAHRUNGEN IN DER, Kutzbach. Journal fir Gas und Wasserversorgung, 
August 19,1911. 7 pp., 10 figs., 4 tables. 


Results of the utilization of the gas by-products for power purposes. 


[EARING PRESSURES IN GAs ENGINEs, G. W. Lewis and A. G. Kessler. Power, 
September 19,1911. 4pp.,7 tables, 10 curves, ace. 


Charts and tables showing average values of maximum bearing pressures in American stationary 
g.s-engine practice. 


CALORIMETER, THE Smita Recorpine Gas. The Gas Engine, August 1911. 2 
pp., 2 figs. bfA. 


Instrument designed primarily to record heat value of producer gas; reads in terms of standard 


6(-deg. gas under 30 in. barometric pressure; readings automatically corrected to this standard, regard- 
less of actual conditions under which they are taken. 


. 


DigesEL A Borp pes Navirges DE Haute Mer, Le Moreur, M. A. Bochet 


Journal Société des Ingénieur Civils de France, July 1911. 15 pp., 21 figs., 
1 table, l curve. A. 


The Diesel engine on board ships. 


DiesEL ENGINE IN MARINE WoRK, PROGRESS OF THE, J. Rendell Wilson. 


Inter. 
national Marine Engineering, October 1911. 7 pp., 9 figs. 


Outlines progress made in England and in Europe. 


DrREHROST-GASERZEUGER, PRAKTISCHE ERFAHRUNGEN BEI INBETRIEBSETZUNG 
UND BEHANDLUNG DER, K. Munzel. Stahl und Eisen, September 14, 1911. 
4 pp., 1 fig. f. 


Practical experiences in starting and managing rotary-grate generators. 


‘ Opinions expressed are those of the reviewer not of the Society. Articles 
are classified as a comparative; b descriptive; c experimental; d historical; 
e mathematical; f practical. A rating is occasionally given by the reviewer, 
as A, B,C. The first installment was given in The Journal for May 1910. 


1479 





1480 GAS POWER SECTION 


ENGINE AND DyNAMO FOR THE CatcuTTa Mint, ComBINED O1L. The Enginee: 
(London), September 8, 1911. 1p.,4 figs. bfA. 


Describes a 30-kw. 500-volt combined oil engine and dynamo. 


FLUGMOTOREN DER OSTERREICHISCHEN DAIMLER MoTOREN GESELLSCHAFT 
Dis, Fr. W. Seckatz. Dinglers Polytechnisches Journal, September 30 
1911. 2 pp., 4 figs. A. 


Description and construction of aerial motor of the Austrian Daimler works. 


Gas Enoines; THEIR DesiGN AND ApPLicATION, E. N. Percy. Internationa! 
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PumPiIne Puiant, A Gas Enoine. Engineering News, July 6, 1911. 1 p., 6 
figs. 


Describes pumping plant for water supply of Haddonfield, N. J. 


SarGcent ComBINED Gas ENGINE AND AIR Compressor. Power, October 10, 
1911. 2 pp., 3 figs. b. 


Description and details of engine and compressor. 


SECHSZYLINDRIGER VIERTAKTSCHIFFSMOTOR VON 100PS¢, Dierfield. Zeitschrift 
des Vereines deutscher Ingenieure, September 2, 1911. 6} pp., 30 figs. bf. 


Describes a 6-cylinder, 4-cycle, 100-e.h.p. yacht engine using alcohol for fuel. 


TEERGLEN IN DIESELMOTOREN, UBER VERWERTUNG VON, Rath und Rossen- 


beck. Dinglers Polytechnisches Journal, September 23, 1911. 3 pp., 8 
tables, 1 curve. A. 


The use of tar-oil for Diesel engines. 


Torter-A Diese, O1L-ENGInEp VessEL or 2700 Tons, J. Rendell Wilson. 
International Marine Engineering, July 1911. 1 p., 1 fig. 


General description of vessel driven by two 180-b.h.p. reversible Diesel 4-cylinder oil engines and 
her trial trip. 





GENERAL NOTES 
NATIONAL CONSERVATION CONGRESS 


The third annual session of the National Conservation Congress was held in 
Kansas City, Mo., September 25-27. More than a thousand delegates from 
every part of the United States attended the sessions, the most prominent of 
whom were President Taft, Theodore Roosevelt, Gifford Pinchot, James R. 
Garfield, William Bryan, Secretary Fisher and Dr. H. W. Wiley. The special 
topic of discussion was the conservation of the soil, and in particular two points 
were emphasised. The first was the necessity of scientific farming to end the 
appalling soil robbery of the nineteenth century; the second was the need of 
considering the welfare of women and children on the farms, and so of making 
rural life attractive. Among the points touched on were the acidity of soils, 
the use of phosphorus, legume culture, and other aspects of the sickness and 
cure of soils. One of the interesting addresses of the convention was by Mrs. 
Harriet Wallace Ashby on The Farmer’s Wife. She advocated the formation 
of clubs of farmers’ wives, the improvement of rural schools, and the establish- 
ing of social neighborhood centers. Other speakers discussed the place of the 
rural church, agricultural training in schools, the parcels post, good roads 
and other methods for making farm life attractive, so that the young people 
should be content to stay at home instead of being eager to go to the cities. 
President Taft’s message was the plan of the Government to codperate with the 
state and the county authorities in placing a farm expert, so far as possible, in 
every county to study particularly the conditions of the soil and climate in that 
county and act as a counselor for the farmers. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


At a meeting of the American Society of Civil Engineers in the Society house 
at 220 West 57th Street, New York, October 4. W. S. Kinnear read a paper on 
The Detroit River Tunnel. On October 18, the subject was The New York 
Tunnel Extension of the Pennsylvania Railroad: Station Construction, Road, 
Track, Yard Equipment, Electric Traction and Locomotives. 


AMERICAN ELECTRIC RAILWAY ASSOCIATION 


The American Electric Railway Association held its annual meeting October 
10 to 13, at Atlantic City, N. J. Among the addresses were: The Hudson 
and Manhattan Tunnels, William G. McAdoo; The Effect of Electric Railway 
Operation on Taxable City Property, G. H. Harries; Measures for the Welfare 
of Employees, D. T. Pierce; Electric Railway Securities, J. G. Cannon; The 
Interurban, C. L. Henry; The Toledo Street Railway Situation, A. E. Lang; 
Physical Valuation, O. T. Crosby. Various committees reported as follows: 
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o: the Welfare of Employees, McGraw Dictionary, Compensation for Carrying 
United States Mail, Taxation Matters, Federal Relations, and Determining the 
P oper Basis for Rates and Fares. 
\ffiliated with the American Electric Railway Association are the American 
E ectric Railway Accountants’ Association, the American Electric Railway 
) iginering Association, the American Electric Railway Claim Agents’ Associa- 
ti n and the American Electric Railway Transportation and Traffic Association. 
S: parate simultaneous meetings were held by these various branches, at which 
tl e following papers were read: Accounting System for a Small Electric Rail- 
wiy, E. D. Gault; Overhead Charges, M. E. Cooley; Statistics of Cost of 
E ectric Operation on Steam Railways, A. B. Bierck; Trainmen, Their Selec- 
tin and Method of Instruction in order to Obtain Complete and Intelligent 
A-cident Reports, E. P. Walsh; The Prevention of Accidents: What can be 
dine to increase the interest of employees of all departments in this work; 
T .e best means of promoting greater caution on the part of platform men, 
E. C. Carpenter; The Practical Value of the Index Bureau with Some Statistics 


aid Illustrations, H. R. Goshorn; How can the Public be Educated in the Pre- 
vention of Accidents. 


NATIONAL COMMERCIAL GAS ASSOCIATION 


Che dnnual meeting of the National Commercial Gas Association was held 
in Denver, Colo., October 23 to 28, 1911. The papers read were: Illuminating 
Engineering and its Application to the Gas Industry, E. L. Elliott; Exhibition 
and Description of Model Glass Gas Works, A. F. Traver; The Modern Gas 
Fixture, C. Ummach; Some Notions of a Manufacturer, R. K. Clark; Increased 
Efliciency in Scientific Office Accounting, P. R. Jones; Practical Demonstra- 
tion Work, Mrs. Anna Carroll; Manufacture of Gas Mantles from Artificial 
Fiber, S. Gulbrandsen; Ventilation of Fuel Gas Appliances, J. H. Walker; 
Pension and Profit Sharing, J. B. Douglas; Relative Cost and Efficiencies of 
Gas, Electric and Gasoline Lighting, W. M. Blinks. The entertainment pro- 
vided was a special feature of the convention and included an all-day trip over 
the famous Moffat Road to the top of the Continental Divide, where a game 
dinner of bear meat, venison, grouse and mountain trout was served; a trip 
to the Garden of the Gods where the members and guests were served with a 
chuck-wagon dinner; a trip up South Cheyenne Cafion and visits to Seven Falls, 
Manitou Springs and Mt. Manitou. 


NATIONAL MACHINE TOOL BUILDERS’ ASSOCIATION 


The annual convention of the National Machine Tool Builders’ Association 
was held at the Hotel Astor, New York, October 10 and 11, at which the follow- 
ing addresses were delivered: Task Work as a Basis of Proper Management, 
H. L. Gantt, Mem.Am.Soc.M.E.; Shop Hygiene as a Factor in Efficiency, 
W. Talbot; Standardization of Machine Tools for the Benefit of the User, 
L. P. Alford, Mem.Am.Soc.M.E.; and Heart to Heart Talks on Trade Condi- 
tions. On the opening evening the association was the guest of Machinery 
at an entertainment and organ solo in the grand ball room of the Hotel Astor. 
A buffet supper was also served. The following evening the American Machin- 
ist entertained the members at a theater party at the Hippodrome. 





PERSONALS 


E. E. Alexander has assumed the duties of chief draftsman of the Taylor 
Iron and Steel Co., High Bridge, N. J. Mr. Alexander was until recently 
identified with the Cooke Works of the American Locomotive Co., Paterson, 
N. J. 


Joseph E. Aue has become connected with the De La Vergne Machine Co. 
New York, in the capacity of chief engineer of the gas and oil engine department. 
He was formerly identified with the Snow Steam Pump Works, Buffalo, N. Y. 


William W. Boyd has accepted a position with the E. & F. Fairbanks Co., 
St. Johnsbury, Vt. He was recently draftsman of the motive power depart- 
ment of the Pennsylvania Railroad, Altoona, Pa. 


Harold V. Coes has resigned as consulting engineer and director of the Search- 
light Gas Co. and also as mechanical engineer for the Liquid Carbonic Co., 
to accept a position as manager of the Chicago office of Lockwood, Greene & 
Co., Chicago, IIl. 


H. V. Conrad, formerly consulting engineer with the Westinghouse Air Brake 
Co., Wilmerding, Pa., has become connected with the National Brake and Elec- 
tric Company, Milwaukee, Wis. 


Harry H. Cook, until recently chief engineer of the Coffin Valve Co., Boston, 
Mass., has accepted a position with the Chapman Valve Manufacturing Co., 
Indian Orchard, Mass. 


William Elmer, formerly master mechanic of the Pennsylvania Railroad at 
Pittsburgh, Pa., has been appointed superintendent of motive power of the same 
company, with headquarters in Buffalo, N. Y. 


George F. Gast has become connected with the Atlantic Gulf and Pacific Co., 
San Francisco, Cal. He was formerly associated with the construction depart- 
ment of the Minnesota and Ontario Power Co., International Falls, Minn. 


W. W. Hodge, formerly connected with Dodge, Day & Zimmermann, Phila- 
delphia, Pa., as field superintendent, has accepted a position with the Ametican 
Steel and Wire Co., Worcester, Mass., as assistant superintendent of the 
electrical cable works. 


O. D. Hogue, formerly manager of the power pump department of the 
Goulds Manufacturing Co., Boston, Mass., has been appointed vice-president 
and treasurer of the same company with headquarters in Chicago, IIl. 
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Gaetano Lanza, professor of theoretical and applied mechanics, in charge 
of the department of engineering of Massachusetts Institute of Technology, 
Boston, Mass., has been made professor emeritus. 


Neal T. McKee has become identified with the Locomotive Superheater 
Co., New York. He was until recently associated with H. Clay McKee & 
Sons Co., Mt. Sterling, Ky. 


Allen V. Moyer, formerly associated with the Lyons Boiler Works, De Pere, 
Wis., in the capacity of assistant secretary and mechanical engineer, has as- 


sumed the duties of secretary and treasurer of the American Welding Co., 
Carbondale, Pa. 


Alfred Millhaupt, Jr., has left the engineering department of the Buffalo 
Forge Co., Buffalo, N. Y., to take up sales work with the Westinghouse Elec- 
tric and Manufacturing Co., East Pittsburgh, Pa. 


William Newell has been appointed mechanical engineer of the Bureau of 
Factory Inspection of the New York State Department of Labor, in which 
capacity he will devote his attention to the prevention of industrial acci- 
dents. ‘He was formerly assistant Superintendent of the liability department 
of the Fidelity and Casualty Co., New York. 


Albin J. Nott has become identified with the Central Georgia Power Co., 
Macon, Ga., as designing draftsman. He was formerly switchboard man in 
charge of Pumping Station No. 6, Sewerage and Water Board, New Orleans, La. 


Peter Schwamb has resigned from his position as professor of machine design 
and director of the mechanical laboratories at the Massachusetts Institute of 
Technology, Boston Mass. 


Charles F. Scott, recently consulting engineer of the Westinghouse Electric 
and Manufacturing Co., Pittsburgh, Pa., has been appointed professor of elec- 


trical engineering, Sheffield Scientific School, Yale University, New Haven, 
Conn. 


Jos. W. Seymour, formerly general superintendent of the W. A. Harris Steam 
Engine Co., Providence, R. I., has accepted a position with the Providence 
Engineering Works, of the same city. 


W. H. Smead, formerly with the General Fire Extinguisher Co., Warren, 
O., has accepted a position with The Samuel Austin & Son Co., Cleveland, 
O., as superintendent of the heating and equipment department. 


Rupert K. Stockwell has accepted a position with the Robins Conveying 
Belt Co., New York. He was until recently in the employ of the Tennessee 
Copper Co., Copperhill, Tenn. 
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L. P. Streeter has become associated with the Illinois Central Railroad, 
Chicago, Ill. in the capacity of air brake engineer. Mr. Streeter was formerly 
air brake inspector of the Southern Pacific Co., Los Angeles, Cal. 


C. D. Terry, formerly superintendent of mill departments of the National 
Tube Co., Kewanee, Ill., has been appointed assistant to the general superin- 
tendent of the same company with headquarters in Pittsburgh, Pa. 


W. H. Trask, Jr., has become connected with the United Hydro Electric 
Co., Idaho Springs, Colo. He was formerly assistant sales manager of the 
Central Colorado Power Co., Denver, Colo. 


Frank 8. Tucker, president of Tucker and Laxton, Charlotte, N. C., has 


become associated with the Westinghouse Electric and Manufacturing Co., 
Boston, Mass. 


R. A. Wilson has resigned his position as expert gas engineer for the 
Snow Steam Pump Works, Buffalo, N. Y., to take up a similar line of work 
for the Carnegie Steel Co., with location at the Ohio Works, Youngstown, O. 





ACCESSIONS TO THE LIBRARY 
WirTH ComMENTsS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Lists of accessions to the 
libraries of the A. I. E. E. and A. I. M. E. can be secured on request from Calvin W. Rice, 
Secretary, Am. Soc. M. E. 


Baaasse Dryinec, E. W. Kerr. (Louisiana State University. Agricultural 
Experiment Station Bulletin no. 128). Baton Rouge, 1911. 

BrussELS EXuIBITION Fire with Some SuGGESTIONS AS TO SAFEGUARDS AT 
Future Temporary Exursitions. London, 1911. 

Cana Recorp. Vol. 1; vol. 2, nos. 6, 9-26, 28-52; vol. 3, nos. 1-5, 9-14, 16-18, 
21, 24, 26, 28-52; vol. 4, nos. 2-4, 7-52; vol. 5, no. 1. Ancon, 1907-1911. 
Gift of B. D. Pender. 

CaMpRipDGE (Mass.) Water Boarp. Annual Report, 1911. Cambridge, 1911. 
Gift of the board. 

Cuicaco ScHoou or ArcHITECTURE. Year Book, 1911-1912. Chicago, 1911. 
Gift of the school. 

CoLorRADO AGRICULTURAL COLLEGE. 32d Annual Register of Officers and 
Students. Fort Collins, 1911. Gift of the college. 

Cotorapo ScHoou or AGrRicuLTuRE. 2d Annual Register of Officers and 
Students, 1911-1912. Fort Collins, 1911. Gift of State Agricultural 
College. 

Compos!ITION OF Raw MrixTuREs FoR CEMENT MakInG, S. B. Newberry. Ed. 
3. (Bull. no. 8 Association of American Portland Cement Manufacturers.) 
Philadelphia, 1905. Gift of the association. 

DAMPFLOKOMOTIVEN DER GEGENWART, Robert Garbe. Berlin, 1907. 

Davip RANKEN, JR., ScHooL oF MEcHANICAL TRADES FOUNDATION DEED, 
Deep or Girt, DEED REFERRED TO IN Deep or Girt, CHARTER AND By- 
Laws. 1910. St. Louis, 1910. Gift of the school. 

2d ANNUAL CATALOGUE, 1911. St. Lowis, 1911. Gift of the school. 

DrantTsEILe, Josef Hrab&k. Berlin, 1902. 

EIsERNE BrRUcCKEN EIN LEHR UND NAe¢HSCHLAGEBUCH FUR STUDIERENDE UND 
KoNnsTRUKTEURE, G. Schaper. Ed.2. Berlin, Ernst & Sohn, 1911. 

ELEMENTS OF ELECTRICAL TRANSMISSION, O. J. Ferguson. New York, Mac- 
millan Co., 1911. 

The author is associate professor of electrical engineering in Union College, and the work is evi- 


dently designed for a textbook for college classes. It seems well planned, and embodies modern 
practice; is well illustrated and indexed. 


ENGINEERING TEACHER AND HIS PREPARATION, A. N. Talbot. (Reprinted 
from bulletin of the Society for the Promotion of Engineering Education, 
vol. 2, 1911.) Gift of the author. 
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Erupe DE LA StTaBiLiré DE |’AfRoPLANE, G. de Bothezat. (Study of the sta- 
bility of aeroplanes.) Paris, 1911. Gift of Dunod et E. Pinat. 
This is a thesis for the doctorate degree in the Ecole Polytechnique of Paris. The author discusses 


as a preliminary the forces acting on an aeroplane, the fundamentals in the construction of an aero- 
plane, and the action of the planes; the discussion of the stability is mathematical and is quite detailed. 


Fire PRECAUTIONS AND THE CORONATION CELEBRATIONS, BEING A REPORT 
ON THE SPECIAL FIRE-PREVENTIVE WORK OF THE BRITISH FIRE PREVEN- 
TION COMMITTEE FOR JUNE 22, 23, 1911. London, 1911. 

GERMAN METHODS IN PoRTLAND CEMENT MANUFACTURE, Dry AND WET 
Processes, Otto Schott. Philadelphia. Gift of the Association of Ameri- 
can Portland Cement Manufacturers. 

HiLFsBpucH FUR WARME UND KALTEscHuTz, I. Andersen. Berlin, 1910. 

MULTIPLEX TELEPHONY AND TELEGRAPHY BY MEANS OF ELEcTRIC WAVES 
GuIpEp By Wires, Geo. O. Squier. Paper presented at Annual Conven- 
tion, June 28, 1911, of American Institute of Electrical Engineers. Gift 
of the author. 

NaTIoNaL Macuine Too. Buitpers’ Association. Alphabetical and Segre- 
gated List. 

NEWBERRY COLLEGE. Catalogue 1910-1911. Columbia, 1911. Gift of the 
college. 

New York City DeparTMENT oF Docks AND Ferriges. StupiEs For Com- 
BINED WATERFRONT AND TERMINAL INDUSTRIAL DEVELOPMENT, C. Tom- 
kins. New York, 1911. Gift of C. W. Staniford. 

PowER Puant TeEstTING, J. A. Moyer. New York, McGraw Hill Book Co., 1911. 

REPORT UPON PRICE OF GAS IN CHICAGO FOR THE CuICAGO CoUNCIL COMMITTEE 
on Gas, Ort aND Exectric Ligut, Edward W. Bemis. Chicago, 1911. 
Gift of the author. 

REPORT OF THE FIRE AT THE EMPIRE PALACE THEATRE, EDINBURGH, May 9, 
1911. (British Fire Prevention Committee, no. 157.) London, 1911. 
ROHRLEITUNGEN. GESELLSCHAFT FUR HocHprRucK-ROHRLEITUNGEN. Vol. 1. 

Berlin, 1909. 

User Sanpcesiase, H. P. A. Knacke. Berlin, 1910. 

ScHNELLSTAHL UND SCHNELLBETRIEB IM WERKZEUGMASCHINENBAU, Fr. W. 
Hille. Berlin, 1909. 

SELBSTKOSTENBERECHNUNG FUR MASCHINENFABRIKEN. J. Bruinier. Berlin, 
1908. 

SHIPYARD PRACTICE AS APPLIED TO WARSHIP ConstTRUCTION, N. J. McDermaid. 
London, Longmans, Green & Co., 1911. 

STANDARD METHODS OF TESTING AND SPECIFICATIONS FOR CEMENT. Phila- 
delphia, 1911. Gift of Association of American Portland Cement Manu- 
facturers. 

TECHNISCHE UNTERSUCHUNGSMETHODEN ZUR BETRIEBSKONTROLLE, J. Brand. 
Ed. 2. Berlin, 1907. 

Tri-BorovucH Rapip TRANSIT RaitRoaD. (Bids for construction with munic- 
ipal funds of portions. Submitted and opened October 27, 1910.) Gift 
of C. W. Rice. 

Unitep States War DeparTMENT. Army List and Directory, August 20, 
September 20, 1911. Washington, 1911. Gift of the department. 























ACCESSIONS TO LIBRARY 1489 





UNIVERSITY oF CINCINNATI. Reports of the Chairman and President, 1910. 
Cincinnati. Gift of the university. 

University or Maine. Annual Report, 1909. Orono, 1909. Gift of the uni- 
versity. 

UNIVERSITY OF OKLAHOMA. General Catalogue, 1910-1911. Norman, 1911. 
Gift of the university. 

VENTILATION OF ELectTricaL Macutnery, W.H.F. Murdoch. New York, 1911. 

This little work of 79 small pages summarizes in an elementary way what is known of the ventila- 


tion of generators. The author predicts that with the advance of artificial local cooling the cost of 
large generators may be reduced to one-half or one-third the present cost per kilowatt. 





WESTERN AUSTRALIA GEOLOGICAL SURVEY. 
of Western Australia Geological Survey. 

WesTERN Rartway Cuivus. Official Proceedings, vol. 23. Chicago, 1911. 
Gift of the club. 

Woop Putp anp 1Ts Usgs, C. F. Cross, E. J. Bevan and R. W. Sindall. New 

York, Van Nostrand Co., 1911. 


Bull. no. 41. Gift 





Perth, 1911. 


GIFT OF MRS. CHARLES WALLACE HUNT 


AMERICAN Macuinist. Vols. 5-12, 14-20, 22-28. New York, 1882-1889, 1891- 
1897, 1899-1905. 


DrepGE, James. Record of the transportation exhibits at the World’s Colum- 
bian Exposition of 1893. London-—New York, 1894. 

ELECTRICAL ENGINEER. 1892-1894. 

ELECTRICAL WORLD. 1891-1894. 

ENGINEER, THE. Vols. 68-109, 1889-1910. 

ENGINEERING. Vols. 33-89, 1882-1910. 

ENGINEERING News. Vols. 25-36, 1891-1896. 

MANUFACTURER AND BUILDER. 1869. 

MeEcHANICS. 1884, 

RAILROAD GAZETTE. 1891-1894. 

SANITARY ENGINEER AND CONSTRUCTION Recorp. Vol. 15, 1886-1887. 


ScrentTiFIc AMERICAN. Vols. 3-8, 11-14, 55, nos. 13-26; vol. 56-57, 1847-1852, 
1855-1859, 1886-1887. 


STREET RAILway JOURNAL. 1893, 1894. 
UnitTep States Census Bureau. 12th Census. Vols. 1-2, 7-10, 1900. 


Warts, I., Ranxring, W. J. M. anp oTHerRs. Shipbuilding, Theoretical and 
Practical. Vols. 1-2. London, 1886. 
MISCELLANEOUS PERIODICALS, 2 vols. 


EXCHANGES 


INSTITUTION oF CrviL EnaInEERS. Minutes of Proceedings. Name Index, 
vols. 119-170. London, 1910. 

LANGLEY Memoir ON MecuanicaL Fuieut. (Smithsonian Contributions 
to Knowledge. Vol. 27, no. 3.) Washington, 1911. 
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UNITED ENGINEERING SOCIETY 


AMERICAN YEAR Book, 1910. New York-London, 1911. Gift of Engineers 
Club, New York. 

GRAPHITE AS A LuBRIcANT. Ed.11. Jersey City, 1909. Gift of Joseph Dixon 
Crucible Co. 

INTERNATIONAL INSTITUTE OF TECHNICAL BrsLtioGRAPHY. Year Book (Engi- 
neering Abstracts), 1910. London, 1910. 

Ruopesia CHAMBER OF Minegs. 16th Annual Report 1910. Cape Town, 
1911. Gift of the Rhodesia Chamber of Mines. 


GIFT OF G. H. CONDICT 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. Transactions, vols. 22, 23. 
New York, 1904, 1905. 

BarBEer, T.W. Engineer’s Sketch book of Mechanical Movements, etc. Ed.3. 
London, 1897. 

Camp, W. M. Notes on Track Construction and Maintenance. Ed.2. Chi- 
cago, 1904. 

Crossy, O. T. anp Bett, Louis. Electric Railway in Theory and Practice. 
Ed. 2. New York, 1898. 

Hiscox, G. D. Gas, Gasoline and Oil VaporEngines. Ed.2. New York, 1898. 

Mechanical Movements, Powers, Devices and Appliances. New York, 
1889. 

Hastuckx, P.N. Automobile, Its Construction and Management. Translated 
from G. Lavergne’s Manuel Theoretique et Pratique de L’Automobile sur 
Route. Philadelphia, 1902. 

Jenkins, Rays. Motor Cars and the Application of Mechanical Power to 
Road Vehicles. London, 1892. 

SternMeETz, C. P. General Lectures on Electrical Engineering. Schenectady, 
1908. 


GIFT OF UNIVERSAL VANADIUM COMPANY 


Au.oy Steers ror Moror Car Construction, J. A. Mathews. Pitisburgh. 

Case-HARDENING Process, J. K. Smith. Pittsburgh. 

ESTIMATION OF VANADIUM IN FERRO ALLoys, STEELS, CUuPRO-VANADIUM, 
BRASSES AND BronzeEs. Pitisburgh. 

Static AND Dynamic PRoPERTIES OF STEELS. (Reprint of an article from 
Iron Age, July 2, 1908). Pittsburgh. 

Vanapium: Its APPLICATION TO CAsT AND MALLEABLE IRON, WITH RESULTS 
or TESTs. 

Vanapium: Its Service In AUTOMOBILE MANuFacTURE, J. K. Smith. Pitts- 
burgh. 

VANADIUM SPRING STEEL (Tyre D). Pittsburgh. 

VANADIUM STEELS. Their Classification and Heat Treatment with Directions 
for Application of Vanadium to Iron and Steel. Pittsburgh. 1911. 

VANADIUM STEELS FOR THE AUTOMOBILE. Pittsburgh, 1911. 
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TRADE CATALOGUES 


Breutt Exvectric Motor Company, Garwood, N. J. High efficiency, single- 
phase motors, 16 pp. 

Bristot Co. Waterbury, Conn. Condensed catalogue no. 160 of Bristol instru- 
ments for pressure, temperature, time speed, etc., 64 pp. 

CoaTESVILLE Borer Works, Coatesville, Pa. Boilers, tanks, stacks, and steel- 
plate construction, 24 pp. 

Wiui1am Garinscuow Co., Chicago, Ill. Catalogue no. 25 of cut and planed 
gears, cut-steel machine racks, gear patterns, etc., 228 pp. 

GoLpscHMIDT THERMIT Co., New York. Reactions, 3d Quarter, 1911, devoted 
to alumino-thermics and the use of thermit in welding, 60 pp. 

INGERSOLL-Ranp Co., New York. Class PB duplex power driven air compres- 
sor, 24 pp. 

MANUFACTURE FRANGAISE D’ARMES, St. Etienne, France. Catalogue of sport- 
ing goods and firearms, 940 pp. 

Move. Heating Co., Philadelphia, Pa. The model heating system, 23 pp. 

H. Mvue.uer Mre. Co., Decatur, Ill. Catalogue of water, gas and plumbing 
brass goods and tools, 1100 pp. 

PULSOMETER STEAM Pump Co., New York. The pulsometer; its operation, 
construction, application, 27 pp. 

Tursg-BLower Co., New York. Description of the turbo-blower, 8 pp. 





EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who 
are capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


0122 Chief engineer with large established plant. Location Middle States. 
Must be good executive, competent to design and construct all manner of steel 
structures, familiar with the handling of materials, competent to solve electri- 
cally either D. C. or A. C. mechanical problems. 


0123 Member with long experience desires to organize manufacturing com- 
pany for large and successful specialty requiring total capital of $15,000 and 
necessitating only small working force. 


0124 Member desires to associate with party willing to invest $5,000 in 
manufacturing a new electrical instrument now in great demand, patented and 
introduced successfully this past year. 


MEN AVAILABLE 


300 Mechanical engineer desires position as manager or operating engineer; 
for 12 years with large industrial plant as operating engineer. Best of refer- 
ences. 


301 Mechanical and electrical engineer, Cornell graduate; ten years’ prac- 
tical experience in steam and hydraulic power-plant construction, gas work, 
building construction, including reinforced concrete, factory superintendence 
and maintenance. Desires position with consulting or contracting firm or as 
executive engineer in manufacturing concern. 


302 Member; mechanical engineer and draftsman; extensive experience in 
general drafting-room work, power-plant design, mill engineering, inspecting, 
charge of men and office work, etc. Executive position preferred, but not 
essential. Best of references. 


303 Member; now employed, with 17 years’ experience in design and con- 
struction of machinery and buildings, manufacturing, systematizing and 
accounting, graduate Massachusetts Institute of Technology in mechanical 
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engineering, post-graduate course in electrical engineering, desires permanent 
position in New York City, administrative or executive capacity. 









304 Member; experienced in construction, management, manufacturing, 
organization and independent research work, desires to become identified in 
responsible capacity with manufacturing or industrial concern of prominence. 
Concise record of experience and references on file at A.S.M.E. 










305 Stevens graduate, mechanical engineer, Junior member; six years’ 
general experience in steam and electrical engineering work, especially from 
commercial end, desires position as sales engineer or as assistant in firm of con- 


sulting or industrial engineers. Best references from present employers. 
Age 27. 











306 Electrical engineer, 18 years’ experience in Corliss engine and steam 
turbine power plants; motor driving in industrial plants, operation, main- 
tenance and construction of general electrical work in executive capacity in 
large industrial plants. Salary $2400. 








307 Thoroughly competent chief engineer, who can produce results, desires 
to make a change in his position; 17 years’ practical experience on large steam 
and gas engines, boilers and power-plant equipment. Thirty-eight years of 
age, married. Can furnish the best of references. Middle West preferied. 


















308 Mechanical and electrical engineer, college graduate, seven years’ 
experience in power-plant design, erection and general plant engineering, 
including estimates, drafting and supervision; accustomed to handling men, 
both in engineering office and field, purchasing equipment, drawing contracts, 
appraising properties, maintenance and operation of equipment; experience 
covers steam and hydraulic power, electrical machinery and equipment, elec- 
tric lighting plants, surveys, buildings, furnaces, heating systems, hydraulic 
equipment and machine design. Desires position either in above lines, in 
sales engineering, or with contractor. At present employed. 















309 Technical graduate experienced in drafting room and in office work, 
desires position in connecion with power and industrial plant installations. 











310 Cornell mechanical and electrical engineer; 17 years’ experience in 
electric railway, power and industrial plant design, cost accounting, manu- 
facturing, office administration, etc., good draftsman and systematizer, com- 
petent as works manager, superintendent, auditor, purchasing agent, and effi- 
ciency engineer. 







311 Member with wide experience as superintendent, familiar with modern 


machine-shop practice, expert on tools and methods for increasing production 
and reducing costs. 


312 Works manager, superintendent or efficiency engineer, with 20 years’ 
experience in similar capacity with some of the best known concerns in the 
country. Can furnish good references. 
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313 Member with 25 years’ experience in designing special tools and general 
machine work of all kinds, hydraulic, steam, coal-handling, stokers and fur- 
nace work, will be pleased to give part time for outside work. 


314 Mechanical engineer, wide experience in sale of power plant equipment, 
will be available November 1. New York territory preferred. 


315 Member, over 20 years’ experience in design, superintendence and 
management in shop and field, desires position preferably near Philadelphia. 


316 Technical graduate with 18 years’ experience in shop, drafting room, 
office and teaching in mechanical engineering, the last including executive 
work, would like to change. Desires to become connected with consulting 
engineer or with engineering department in college or university. 





CHANGES IN MEMBERSHIP 
CHANGES IN ADDRESS 


ALBRIGHT, H. Fleetwood (1903), Genl. Supt., West. Elec. Co., Hawthorne 
Sta., Chicago, IIl. 

ALEXANDER, Edward E. (Associate, 1908), Ch. Draftsman, Taylor Iron 
& Steel Co., High Bridge, N. J. 

ALSBERG, Julius (Junior, 1905), Asst. to John Bogart, 141 Broadway, and 
for mail, 56 W. 95th St., New York, N. Y. 

AUE, Joseph E. (1899), Ch. Engr. Gas and Oil Eng. Dept., De La Vergne 
Mch. Co., foot E. 138th St., New York, N. Y. 

BAILEY, Alex. D. (Junior, 1910), Asst. to Ch. Engr., Commonwealth Edi- 
son Co., Chicago, and for mail, 21 Elmwood Ave.. La Grange, IIl. 

BAILEY, William J. (Junior, 1910), United Coal Co., Pa. Bldg., and for mail, 
5831 Springfield Ave., Philadelphia, Pa. 

BANKS, Thomas Dent (Junior, 1910), Asst. Engr., Dept. Pub. Service, and 
for mail, 215 W. 11th Ave., Columbus, O. 

BARR, John H. (1889), Cons. Engr., Union Typewriter Co., 293 Broadway, 
New York, N. Y. 

BEHREND, Ernst Richard (1900), Pres. and Genl. Mgr., Hammermill Paper 
Co., Erie, Pa. 

BENTLEY, O. D. H. (1910), Mgr. Turbine Dept., B. F. Sturtevant Co., 
Hyde Park, Mass. 
BERRYMAN, Wilson G. (Junior, 1905), Engr., Combustion Utilities Corp., 
60 Wall St., New York, and for mail, 36 Murray St., Flushing, N. Y. 
BOYD, William Wallace (Junior, 1910), Engrg. Dept., E. & T. Fairbanks & 
Co., and for mail, Box 78, St. Johnsbury, Vt. 

BROOKS, Louis C. (Junior, 1901), Elec. Engr. Industrial Control Dept., 
Genl. Elec. Co., and for mail, Route 49, Schnectady, N. Y. 

CHENEY, Walter L. (1883), Sales Mgr., Lucas Mch. Tool Co., Cleveland, O., 
and Meriden, Conn. 

COES, Harold V. O. (Junior, 1907), Mgr. Chicago Office, Lockwood Greene & 
Co., First Natl. Bank Bldg., Chicago, IIl. 

CONRAD, Hugh Vincent (1887; 1891), Natl. Brake & Elec. Co., Milwaukee, 
Wis. 

COOK, Harry Hall (Junior, 1910), Engr., Chapman Valve Mfg. Co., Indian 
Orchard, and for mail, 44 Massachusetts Ave., Springfield, Mass. 

CORNELIUS, Henry Robert (1888), Sales Mgr., Mesta Mch. Co., and Darling- 
ton Rd., Pittsburgh, Pa. 

COWLES, William Barnum (1881), R. Hoe & Co., 504 Grand St., New York, 
N. Y. 

CRAMP, Edwin S. (1888), Vice-President, 1896-1898 ; 829 Park Ave., New York, 
N. Y. 
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CROGHAN, John T. (Associate, 1909), Stone & Webster Engrg. Corp., West 
Boylston, Mass. 

CUNNINGHAM, George H. (Junior, 1910), 301 Hilda Ave, Missoula. Mont. 

DALLIS, Park Andrew (1911), Mill Arch. and Engr., 913 Candler Bldg., Atlanta, 
Ga. 

DODDS, William B. (Junior, 1907), Instr. Mech. Engrg., Harvard Univ., 
111 Pierce Hall, Cambridge, Mass. 

DORNER, Frederick Harry (Junior, 1907), Mech. Engr., Bayley Mfg. Co., and 
for mail, 716 Prospect Ave., Milwaukee, Wis. 

EILERS, Karl Emrich (1890; 1904), Am. Smelting & Refining Co., 165 Broad- 
way, and for mail, 435 Riverside Drive, New York, N. Y. 

ELMER, Wm. (Junior, 1896), Supt. M. P., Pa. R. R., 622 Brisbane Bldg., 
Buffalo, N. Y. 

FERGUSON, Geo. R. (1890), 179 Washington St., Brooklyn, N. Y. 

FLANDERS, Ralph E. (Associate, 1908), Engr., The Fellows Gear Shaper 
Co., and for mail, 41 Pleasant St., Springfield, Vt. 

FOSTER, Horatio A. (1895), Elec. Engr., 229 S. Broadway, Yonkers, N. Y. 

FOWLER, Geo. L. (1886), Cons. Mech. Engr., 83 Fulton St., New York, N. Y. 

FRY, Lawford H. (1905), Tech. Rep. in Europe, Baldwin Loco. Wks., 34 Vic- 
toria St., London, S. W., England. 

FULLER, Floid M. (Junior, 1907), 509 Fidelity Bldg., and Y. M. C. A., Duluth, 
Minn. 

GARDNER, Thomas M. (1903), Anna, IIl. 

GAST, George Fred (Junior, 1910), Atlantic Gulf & Pacific Co., and for mail, 
1239 Fairfax Ave., San Francisco, Cal. 

GODDARD, Arthur L. (1903), Supt. of Shops, Univ. of Wis., and for mail, 
1717 Monroe St., Madison, Wis. 

GREENE, Augustine E. (1909), Mill Engr., 847 Main St., and 20 Imlay St., 
Hartford, Conn. 

HADFIELD, Sir Robert Abbott, F. R. S. (1907), Chairman and Managing - 
Dir., Hadfield Co., Sheffield, and for mail, 3 Green St., also 28 Hertford 
St., Mayfair, W., London, England. 

HAMILTON, James (1898), Pat. Lawyer, 31 Nassau St., New York, N. Y., 
and for mail, 80 Beech St., East Orange, N. J. 

HARGRAVE, Russell William (Junior, 1899), Gisholt Mch. Co., Madison, and 
for mail, P. O. box 223, Appleton, Wis. 

HATMAN, Julius G. (Junior, 1911), Asst. Supt., The Wyandotte County Gas 
Co., and for mail, 607-A, Orville Ave., Kansas City, Kan. 

HENDERSON, Richard (1906), Capt., U. S. N., Ret., P. O. Box 285, Salisbury, 
N. C. 

HITCHCOCK, Fred’k Matthew (1899; 1907), Exec. Engr., Dexter Folding Co., 
Pearl River, N. Y. 

HODGE, Wm. W. (Junior, 1909), Asst. Supt. Elec. Cable Wks., Am. Steel & 
Wire Co., and for mail, 3 Berkman St.. Worcester, Mass. 

HOFMEYER, George August (Associate, 1905), Bldg. Supt., Gimbel Bros., 
Broadway and 33d St., and for mail, 250 W. 22d St., New York, N. Y. 

HOGUE, Oliver D. (1909), V. P. and Treas., The Goulds Mfg. Co. of IIl., cor. 
Ohio and Franklin Sts., and The Pattington, 660 Graceland Ave., Chicago, 
Ill. 
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of Postmaster, New York, N. Y. 

HUMPHREYS, Alex C. (1884), Manager, 1907-1910; Vice-President, 1910- 
1911; Life Member; Pres., Stevens Inst. of Tech., Hoboken, N. J., Pres. 
Buffalo Gas Co., and for mail, Pres., Humphreys & Miller, Inc., 165 Broad- 
way, New York, N. Y. 

HUNT, Leigh A. (1906), Pres., Hunt Engrg. Co., 911 Commerce Bldg., Kansas 
City, Mo. 

JURGENSEN, Jess Christian (Associate, 1905), United Piece Dye Wks., 
Lodi, N. J. 

KELMAN, John H. (1904), 194 Lefferts Pl., Brooklyn, N. Y. 

LAFORE, John Armand (1904), Second V. P., Lathbury-D’Olier Co., Morris 
Bldg., and for mail, Shady Hill, Logan P. O., Philadelphia, Pa. 

LAIRD, Wilbur G. (Associate, 1906), with Henry L. Doherty, 60 Wall St., 
New York, N. Y. 

LANGE, Heinrich Bartels (Junior, 1910), Am. Optical Co., and for mail, 4 
Walnut St., Southbridge, Mass. 

LANZA, Cav. Gaetano (1882), Prof. Emeritus Theor. and Applied Mech., Mass. 
Inst. of Tech., Boston, Mass., and Engr., Baldwin Loco. Wks., 500 N. 
Broad St., and for mail, The Montevista, 63d and Oxford Sts., Philadel- 
phia, Pa. 

LELAND, Sanford Daniels (1900), Pres. and Genl. Mgr., Mfg. Equip. & Engrg. 
Co., 209 Washington St., Boston, and for mail, 6 Arlington Rd., Wellesley 
Hills, Mass. 

LUDY, Llewellyn V. (1905), Acting Prof. Steam and Gas Engrg., Univ. of Wis., 
Madison, Wis. 

McKEE, Neal Trimble (Junior, 1907), Loco. Superheater Co., 30 Church St., 
New York, N. Y. 

MacLAREN, Malcolm Neill (1899), Nordberg Mfg. Co., 42 Broadway, New 
York, N. Y. 

MERRILL, Albert S. (Junior, 1903), 122 N. 3d St., Easton, Pa. 

MITCHELL, Guy Edward (1903), Mgr. Pittsfield Plant, Alden Sampson Mfg. 
Co., Pittsfield, and for mail, 60 Dudley St., Medford, Mass. 

MONTGOMERY, H. M. (1889), Chicago Mgr., Alberger Condenser Co., 137 
S. LaSalle St., Chicago, and 1221 Davis St., Evanston, III. 

MOYER, Allen V. (Junior, 1909), Secy. and Treas., Am. Welding Co., and for 
mail, Lock Box 902, Carbondale, Pa. 

MULLHAUPT, Alfred, Jr. (Junior, 1911), Sales Wk., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, and for mail, 208 Gray Bldg., Wilkinsburg, Pa. 

MURRAY, Charles R. (Associate, 1889), Supt., Barnhart Bros. & Spindler, 
168-172 W. Monroe St., Chicago, and 1714 Asbury Ave., Evanston, IIl. 

NOTT, Albin James (Junior, 1910), Designing Draftsman, Central Ga. Power 
Co., and for mail, 6 Nevarro Flats, Macon, Ga. 

OSTERGREN, Oscar Patrice (1910), Mech. and Cons. Engr., 431 Throop Ave., 
Brooklyn, N. Y. : 

PALMER, Arthur E. (Junior, 1909), Sales Engr., 710 New England Bldg., 
Cleveland, and for mail, 105 Carlyon Rd., East Cleveland, O. 


PARKER, Levin 8. (1908), Atlas Dredging Co., 1629 Whitehall Bldg., New 
York, N. Y. 


HOLMES, Urban Tigner (1910), Commander U. 8. N., U. 8. 8. Louisiana, care 
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PLACE, Clyde R. (Associate, 1907), Mech. Engr., 70 E. 45th St., New York, 
N. Y., and River Edge, N. J. 

POTTS, S. Warren (1909), Mech. Engr., R. Hoe & Co., 504 Grand St., New York, 
and for mail, 34 Shepherd Ave., Brooklyn, N. Y. 

RAY, Frederick (Junior, 1903), Ch. Engr., Alberger Pump Co., 140 Cedar St., 
New York, N. Y., and Hemlock Rd., Short Hills, N. J. 

RICHARDS, Chas. Dexter (Junior, 1904), Asst. Engr. of Tests, Solvay Process 
Co., and for mail, 268 Meadowbrook Ave., Detroit, Mich. 

ROBESON, Anthony Maurice (1895), care of A. Moir, 1 London Wall Bldgs., 
London, E. C., England. 

RUMSEY, Spencer S. (1900; 1907), Engr. of Constr., Oliver Iron Min. Co., 
713 Wolvin Bldg., and 217 S. 19th Ave., E. Duluth, Minn. 

RUPP, M. E. (Junior, 1909), Mech. Engr., Stanley G. Flagg & Co., 1421 Chest- 
nut St., Philadelphia, Pa., and 303 E. 4th St., New York, N. Y. 

SAWFORD, Frank (1909), 687 George St., Sydney, N. S., Canada. 

SCOTT, Charles Felton (1911), Prof. Elec. Engrg., 8S. 8. S., Yale Univ., and 
for mail, 284 Orange St., New Haven, Conn. 

SEYMOUR, Jos. W. (Junior, 1891), Providence Engrg. Wks., Providence, and 
for mail, 29 Arnold Ave., Edgewood, R. I. 

SHEPARD, Geo. H. (1903), Emerson Co., 30 Church St., New York, N. Y., 
and for mail, 1206 Harrison St., Syracuse, N. Y. 

SHERWOOD, Mather W. (1909), Mech. Engr., Chicago Pneu. Tool Co., and 
for mail, 1406 Liberty St., Franklin, Pa. 

SOWDEN, Parkin T. (Junior, 1908), Mech. Engr., Stand. Silver Co., Ltd., 
33 Hayter St., and 32 Palmerston Gardens, Toronto, Ont., Canada. 

SPONSEL, C. W. (1902), 22 Huntington St., Hartford, Conn. 

STOCKWELL, Rupert Kennedy (Junior, 1910), Engr., The Robins Conveying 
Belt Co., 13 Park Row, New York, N. Y. 

STREETER, Lafayette P. (1902; Associate, 1903), Air Brake Engr., Ill. Cen- 
trai. R. R., and for mail, P. O. Box 69, Chicago, IIl. 

TADDIKEN, J. F., Jr. (Junior, 1907), Am. Beet Sugar Co., Oxnard, Cal. 

TERRY, Charles D. (1902; 1908), Asst. to Genl. Supt., Natl. Tube Co., 1706 
Frick Bldg., Pittsburgh, and for mail, 1123 South Ave., Wilkinsburg, Pa. 

THOMAS, Carl C. (1908), Prof. Steam and Gas Engrg., Univ. of Wis., Madison, 
Wis., and for mail, Minchnerstr. 8" Dresden, Germany. 

THURSTON, Edward D., Jr. (Junior, 1909), Instr. Dept. Mech. Engrg., 
Columbia Univ. and for mail, 511 W. 113th St., New York, N. Y. 

TRASK, Walter H., Jr. (Junior, 1908), Engr., The United Hydro Elec. Co., 
Idaho Springs, Colo. 

TRAUTSCHOLD, Reginald (Junior, 1904), 99 Upper Mountain Ave., Mont- 
clair, N. J. 

TRUELL, Karl O. (Associate, 1906), Sydney Cement Co., Sydney, N. &., 
Canada. 

TUCKER, Frank Stevenson (1905), Westinghouse Elec. & Mfg. Co., and for 
mail, P. O. Box 3303, Boston, Mass. 

ULBRICHT, T. Carlile (Junior, 1908), Instr. Dept. of Power Engrg., Sibley 
College, Cornell Univ., and for mail, 128 Dryden Rd., Ithaca, N. Y. 
WEBBER, William Oliver (1881), Cons. Engr., 7 Wellington Terrace, Brook- 

line, Mass. 
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WEBSTER, Lawrence Burns (Junior, 1910), Mech. Engr., Am. Gas & Elec. 
Co., 30 Church St., New York, N. Y., and for mail, 926 S. Washington St., 
Marion, Ind. 

WEGG, David S., Jr. (Junior, 1909), Telluride Asso., Ithaca, N. Y., and 16 
E. Ontario St., Chicago, IIl. 

WETMORE, Charles P. (1901), 588 Astor St., Milwaukee, Wis. 

WILSON, Robert Alexander (Junior, 1910), Carnegie Steel Co., Ohio Wks., 
Youngstown, O. 

YEOMANS, Lucien I. (1910), Production Engr. Dept. 213, Sears, Roebuck & 
Co., and 416 E. 48th Pl., Chicago, II. 


NEW MEMBERS 


ASPINALL, John A. F. (Honorary, 1911), Gledhill, Mossley Hill Drive, Liver- 
pool, England. 

BLAIR, William Richard (1911), Wks. Mgr., Landis Mch. Co., St. Louis, Mo. 

FRANCIS, Isaac Hathaway, Jr. (1911), Cons. Engr., 1508 Commonwealth 
Trust Bldg., Philadelphia, Pa. 

MURPHY, Thomas Robert Hoysted)(Junior, 1911), Industrial Engr. and Drafts- 
man, Jos. H. Wallace & Co., 5 Beekman St., New York, N. Y., and for 
mail, P. O. Box 185, Espanola, Ont., Canada. 

VICTOREEN, Ernest Vitalis (1910), Supt. Shops, Tenn. Coal, Iron & R.R. 
Co., Ensley, and for mail, 2233 Arlington Ave., Birmingham, Ala. 


PROMOTIONS 


COLE, Arthur W. (1904; 1911), Asst. Prof. Mech. Engrg., Purdue Univ., Lafay- 
ette, and for mail, 224 Waldron St., West Lafayette, Ind. 

FOX, Royal E., Jr. (1901; 1911), V. P., The Engr. Co., Rm. 1180, 50 Church St., 
and Irving Arms, 222 Riverside Drive, New York, N. Y. 

MATTHEWS, Fred Elwood (1904; 1911), Asst. Mgr. Cold Storage Insulation 
Dept., H. W. Johns-Manville Co., 100 William St., New York, N. Y. 


DEATHS 


GOBEILLE, Jos. Léon, September 12, 1911. 
McKINNEY, William S., August 30, 1911. 
TURNER, John, September 12, 1911. 








COMING MEETINGS 
NovEMBER-DECEMBER 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s hands by the 15th of the month preceding the meeting. When the titles of papers read 
at monthly meetings are furnished they will aiso be published. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
December 27, annual meeting, Washington, D. C. Secy., L. O. Howard, 
Smithsonian Institution. 

AMERICAN CHEMICAL SOCIETY 
December 27-30, annual meeting, Washington, D. C. Secy., C. L. Par- 
sons, Durham, N. H. 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
December 20-22, annual meeting, Washington, D. C. Secy., J. C. Olsen, 
Polytechnic Institute, Brooklyn, N. Y. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
November 10, monthly meeting, 29 W. 39th St., New York. Secy., R. W. 
Pope. 

AMERICAN PUBLIC HEALTH ASSOCIATION 
December 4-9, annual meeting, Havana, Cuba. Secy., W. C. Woodward, 
Washington, D. C. 

AMERICAN RAILWAY ASSOCIATION 
November 15, semi-annual meeting, Chicago, Ill. Secy., W. F. Allen, 75 
Church St., New York. 

AMERICAN ROADMASTER’S ASSOCIATION 
November 14-17, annual convention, Rochester, N. Y. Secy., E. L. Pow- 
ers, 150 Nassau St., New York. 

AMERICAN SOCIETY FOR JUDICIAL SETTLEMENT OF INTERNA- 

TIONAL DISPUTES 
November 7-8, Conference, Cincinnati,O. Secy., T. Marburg, Baltimore, 
Md. 

AMERICAN SOCIETY FOR MUNICIPAL IMPROVEMENTS 
December 11-13, annual meeting, Waldorf-Astoria, New York. Secy., 
A. P. Folwell, 239 W. 39th St. 

AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 
December 27-30, annual meeting, St. Paul, Minn. Secy., J. B. Davidson, 
Ames, Iowa. 

AMERICAN SOCIETY OF CIVIL ENGINEERS 
November 1 and 15, bi-monthly meetings, 220 W. 57th St., New York. 
Secy., C. W. Hunt. 
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
Monthly Meetings: New York, November 14; Boston, November 15; New 
Haven, November 15. Secy., Calvin W. Rice, 29 W. 39th St., New York. 

ASSOCIATION OF RAILWAY ELECTRICAL ENGINEERS 


November 6-10, annual convention, Chicago, Ill., Secy., J. A. Andreu- 
cetti, C. & N. W. Ry. 


ENGINEERS CLUB OF ST. LOUIS 
December 6, annual business meeting, 3817 Olive St., St. Louis, Mo. 
Secy., W. W. Horner. 

NATIONAL ASSOCIATION OF BRASS MANUFACTURERS 


December 13-14, annual meeting, New York. Secy., W. M. Webster, 
64 W. Randolph St., Chicago, IIl. 

NATIONAL FOUNDER’S ASSOCIATION 
November 15-16, annual convention, New York. Secy., F. W. Hutchings, 
915 Hammond Building, Detroit, Mich. 

NATIONAL GAS AND GASOLINE ENGINE TRADES ASSOCIATION 
December 5-8, annual meeting, Hotel Hollenden, Cleveland, O. Secy., 
A. Stritmatter, 224 E. 7th Ave., Cincinnati. 

NATIONAL IRRIGATION CONGRESS 
December 5-9, Chicago, Ill. Secy., Arthur Hooker, 830 Commercial National 
Benk Bldg., Chicago, IIl. 

NATIONAL SOCIETY FOR THE PROMOTION OF INDUSTRIAL 
EDUCATION 
November 2-4, annual meeting, Cincinnati, O. Secy., E. H. Reisner, 20 
W. 44th St., New York. 

OHIO SOCIETY OF MECHANICAL, ELECTRICAL AND STEAM 
ENGINEERS 
November 17-18, annual meeting, Canton, O. Secy., F. E. Sanborn, 
Ohio State University, Columbus. 

SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 


November 16-17, annual meeting, New York. Secy., W. J. Baxter, 29 W. 
39th St. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 








Date Society Secretary Time 
November 
2 Blue Room Engineering Society............. W. D. Sprague......8.00 p.m. 
9 Illuminating Engineering Society........... P. S. Millar........ 8.00 p.m. 
9 Institute of Operating Engineers............ eee 8.00 p.m. 
10 American Institute of Electrical Engineers..R. W. Pope........ 8.00 p.m. 
14 American Society of Mechanical Engineers..C. W. Rice.........8.00 p.m. 
16 American Society of Engineer Draftsmen....H. L. Sloan........ 8.00 p.m. 
16-17 Society of Naval Architects and Marine 

DK. ckbbentesdvcunsyecaneunens W. J. Baxter........ All day. 
17 New York Railroad Club................... H. D. Vought......8.15 p.m, 
21 New York Telephone Society............... T. H. Lawrence... .8.00 p.m. 


22 Municipal Engineers of New York.......... C. D. Pollock... ...8.00 p.m. 
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Date Society Secretary 
December 
5-8 American Society of Mechanical Engineers.C. W. Rice 


7 
8 


14 
15 
19 
27 


Blue Room Engineering Society W. D. Sprague.....8. 
American Institute of Electrical Engineers. .F.L.Hutchinson 

(Acting Secy.)...8. 
Illuminating Engineering Society i. Gy Bac cess . 
New York Railroad Club H. D. Vought..... .8. 
New York Telephone Society T. H. Lawrence... . 
Municipal Engineers of New York C. D. Pollock...... 8.15 p.m. 





OFFICERS AND COUNCIL 


President 
E. D. MEIER 


Vice-Presidents 
Terms expire 1911 
CHARLES WHITING BAKER 
W. F. M. GOSS 
ALEX. C. HUMPHREYS 


Terms expire 1912 
GEORGE M. BRILL 
E. M. HERR 

H. H. VAUGHAN 


Managers 
Terms expire 1911 Terms expire 1912 Terms expire 1913 
H. L. GANTT H. G. STOTT D. F. CRAWFORD 
I.E.MOULTROP . JAMES HARTNESS STANLEY G. FLAGG, JR. 
Ww. J.SANDO H. G. REIST E. B. KATTE 


Past-Presidents 


Members of the Council for 1911 
FRED. W. TAYLOR 


M. L. HOLMAN 
F. R. HUTTON 


JESSE M. SMITH 
GEORGE WESTINGHOUSE 


Chairman of the Finance Committee Honorary Secretary 
ROBERT M. DIXON ‘ F. R. HUTTON 


Treasurer Secretary 
WILLIAM H. WILEY CALVIN W. RICE 


EXECUTIVE COMMITTEE OF THE COUNCIL 


E. D. MEIER, Chmn. H. L. GANTT H. G. REIST 
C. W. BAKER, Vice-Chmn. F. R. HUTTON JESSE M. SMITH 


STANDING COMMITTEES 


Finance Membership Research 
R. M. DIXON (2), Chmn. F. H. STILLMAN (1), Chmn. . F. M. GOSS (3), Chmn. 
G. J. ROBERTS (1) G. J. FORAN (2) H 

W. H. MARSHALL,(3) H. WEBSTER (3) D. MERSHON (2) 

H. L. DOHERTY (4) T. STEBBINS (4) . C. CARPENTER (5) 
W. L. SAUNDERS (5) W. H. BOEHM (5) 


4 


House Publication Meetings 


F. BLOSSOM (2), Chmn. H. F.J. PORTER (1),Chmn. L.R.POMEROY (1), Chmn. 
B. V. SWENSON (1) F. R. LOW (2) C. E. 
E. VAN WINKLE (3) G. I. ROCKWOOD (3) H. De B. PARSONS (3) 
H. R. COBLEIGH (4) G. M. BASFORD (4) W. E. HALL (4) 
C.1. 


8. D. COLLETT (5) EARLL (5) C. J. H. WOODBURY (5) 


Tibrary Public Relations 


L. WALDO (1), Chmn. J.M. DODGE (5), Chmn. 
W. M. McFARLAND (2) R. W. HUNT (1) 


C. L. CLARKE (3) D. C. JACKSON (2) 
A. NOBLE (4) J. W. LIEB, JR. (3) 
E. G. SPILSBURY (5) F. J. MILLER (4) 


Note— Numbers in parentheses indicate number of years the member has yet to serve. 
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SOCIETY REPRESENTATIVES 


John Fritz Medal 


F. R. HUTTON (1) 
W. F. M. GOSS (2) 
H. R. TOWNE (3) 
J. A. BASHEAR (4) 


Fire Protection 


J.R. FREEMAN 
I. H. WOOLSON 


Refrigeration 


D. 8. JACOBUS 

A. P. TRAUTWEIN 
G. T. VOORHEES 
P. De C. BALL 

E. ¥F. MILLER 


Power Tests 


D. 8. JACOBUS, Chmn. 
E. T. ADAMS 

G. H. BARRUS 

L. P. BRECKENRIDGE 
W. KENT 

C. E. LUCKE 

E. F. MILLER 

A. WEST 

A. C. WOOD 


Conservation 


G. F. SWAIN, Chmn. 
Cc. W. BAKER 

L. D. BURLINGAME 
M. L. HOLMAN 
CALVIN W. RICE 


Student Branches 
F. R. HUTTON, Chmn. 


Sub-Committee on Steam 
of Research Commmiitee 


R. H. RICE, Chmn. 
J. F.M. PATITZ 
Cc. J. BACON 

E. J. BERG 

W. D. ENNIS 
L.S. MARKS 


Trustees U. E. S. 

F. J. MILLER (1) 
JESSE M. SMITH (2) 
A. C. HUMPHREYS (3) 


Conservation Commisson 
G. F. SWAIN 

Cc. T. MAIN 

J.R. FREEMAN 


SPECIAL COMMITTEES 


Flanges 


G. H. STOTT, Chmn. 

A. C. ASHTON 

W. SCHWANHAUSSER 

J. P. SPARROW 

W. M. McFARLAND 
Constitution and By-Laws 
J. M. SMITH, Temp. Chmn. 
G. M. BASFORD 

F. R. HUTTON 

D. 8S. JACOBUS 

H. G. STOTT 


Power House Piping 


H. G. STOTT, Chmn. 
I. E. MOULTROP 

H. P. NORTON 

J. P. WHITTLESEY 
F. R. HUTTON 


Involute Gears 


W. LEWIS, Chmn. 
H. BILGRIM 

E. R. FELLOWS 
C. R. GABRIEL 
G. LANZA 


Engineering Standards 
HENRY HESS, Chmn. 

H. W. SPANGLER 

CHAS. DAY 

J.H. BARR 


Standardization of 
Catalogues 

WM. KENT, Chmn. 

M. L. COOKE 

WwW. B. SNOW 

J. R. BIBBINS 


A. A. A. S. 


A. C. HUMPHREYS 

H. G. REIST 

I, 20 2+ ae 
CHARLES KIRCHHOFF 


Engineering Education 


A.C. HUMPHREYS 
F. W. TAYLOR 


Pipe Threads 

E. M. HERR, Chmn. 
W. J. BALDWIN 
G. M. BOND 
8. G. FLAGG, JR. 

Society History 
J. E. SWEET 
H. H. SUPLEE 
F. R. HUTTON 


Tellers of Election 
W. T. DONNELLY 
G. A. ORROK 
T. STEBBINS 


Nominating 
R. C. CARPENTER 
New York, Chmn. 
R. H. FERNALD 
Cleveland, O. 
E. G. SPILSBURY 
New York 
A.M. HUNT 
San Francisco, Cal. 
C.J. H. WOODBURY 
Boston, Mass. 


Committee to Formulate 
Standard Specifica- 
tions for the Construc- 
tion of Steam Boilers 
and other Pressure Ves- 
sels and for Care of 
Same in Service 

J. A. STEVENS, Chmn. 

E. F. MILLER 

Cc. L. HUSTON 

C. H. MEINHOLTZ 

R. C. CARPENTER 

W. H. BOEHM 

R. HAMMOND 


Note—Numbers in parentheses indicate number of years the member has yet to serve. 
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SPECIAL COMMITTEES 
(Continued) 


Administration 


J. M. DODGE, Chmn. H. A. EVANS W. B. TARDY 
H. A. HEY, Secy. W. LEWIS H. R. TOWNE 
D. M. BATES W. L. LYALL H. H. VAUGHAN 


MEETINGS OF THE SOCIETY 


The Committee on Meetings 
L. R. POMEROY (1), Chmn. - Dz B. PARSONS (3) 
C. E. LUCKE (2) W. E. HALL (4) 
Cc. J. H. WOODBURY (5) 


Meetings of the Society in Boston 
I. N. HOLLIS, Chmn,. 
I. E. MOULTROP, Secy. 


R. H. RICE 


Meetings of the Society in New York 
W. RAUTENSTRAUCH, Chmn F. H. COLVIN 
F. A. WALDRON. Secy. E. VAN WINKLE 
R. V. WRIGHT 


Meetings of the Society in St. Louis 
E. L.OHLE, Chmn. M. L. HOLMAN 


F. E. BAUSCH, Secy. R. H. TAIT 
J. HUNTER 


. Meetings of the Society in San Francisco 
HUNT, Chmn. T. MORRIN 


A. M. 
T. W. RANSOM, Secy. W. F. DURAND 
E. C. JONES 


Meetings of the Society in Philadelphia 
C. McBRIDE, Chmn. A. C. JACKSON 
.R. YARNALL, Secy. J. E. GIBSON 
Cc 


. KERR J.C. PARKER 


Meetings of the Society in New Haven 


E. 8S. COOLEY, Chmn. L. P. BRECKENRIDGE 
E. H. LOCKWOOD, Secy. F. L. BIGELOW 


H. B. SARGENT 


Sus-CoMMITTEES ON 
Textiles 


CHARLES T. PLUNKETT, Chmn., Adams, Mass. 


DANIEL M. BATES, Wilmington, Del. FRANKLIN W. HOBBS, Boston, Mass. 

JOHN ECCLES, Taftville, Conn. C. R. MAKEPEACE, Providence, R. I. 

EDW. W. FRANCE, Philadelphia, Pa. C. H. MANNING, Manchester, N. H. 

EDWARD F. GREENE, Boston, Mass. HENRY F. MANSFIELD, Utica, N. Y. 
EDWARD W. THOMAS, Secy, Lowell, Mass. 


Note—Numbers in parentheses indicate the number of years the member has yet to serve. 





MEETINGS OF THE SOCIETY 
(Continued) 


Cement 
. DUNN, Chmn. L. L. GRIFFITHS EJNAR POSSELT 
. KELLEY, Secy, E. M. HAGAR H. J. SEAMAN 
- BERGQUIST LEIGH HUNT A. C. TAGGE 
- COWHAM MORRIS KIND H. STRUCKMANN 
- FULLER, Jr. F. H. LEWIS P. H. WILSON 
R. K. MEADE 


Machine Shop Practice 
A. L.DsLEEUW H. D. GORDON 
F. L. EBERHARDT H. K. HATHAWAY 
F. A. ERRINGTON E. J. KEARNEY 
A. A. FULLER Wau. LODGE 


OFFICERS OF AFFILIATED SOCIETY 


Providence Association of Mechanical Engineers 


T. M. PHETTEPLACE, Pres. W. H. PAINE, Vice-Pres. 
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THE TURRET EQUATORIAL TELESCOPE 
A NEW ASTRONOMICAL OBSERVATORY 


By JAMES HARTNESS 
ABSTRACT 


This paper describes a new type of astronomical observatory which was 
designed to protect the observer from the cold to which he is exposed in most 
of the observatories now in use. It accomplishes this purpose by the use of a 
revolving turret for the polar axis of the instrument, making the instrument 
and building integral. By this change in scheme of mounting it has been pos- 
sible to avoid the use of the large reflecting mirrors employed in all previous 
designs where the comfort of the observer has been the controlling motive. 

The problem in making an observatory of this kind is to maintain an equal 
temperature within and without the telescope tube, in order to avoid estab- 
lishing disturbing air currents, and of course it is necessary to receive the beam 
of light coming from any object above the horizon. 

In all previous work at least one relatively large plain reflector has been used 
to change the direction of the beam of light from that in which it comes from 
the celestial object to the fixed direct‘on requisite for the eyepiece. In the 
present instrument the eyepiece has a slight motion, and therefore does not 
possess the ideal feature for comfort of the observer that is possessed by the 
previous instruments, but by sacrificing a trifle in this respect it has been pos- 
sible to avoid the use of a large mirror. The point at which the direction of 
the cone of light is changed is about one-quarter of the distance from the ocu- 
lar to the objective; this gives an area of about one-sixteenth of mirrors located 
near the objective. This is so small that it is possible te use a prism instead 
of a mirror, although even with a mirror it would be a distinct gain. 

The paper includes a description of the means for heating and ventilating, 
and also touches on the delicate subject of patent rights for scientific instru- 
ments and the adverse effect to science of the present policy of allowing such 
things to go unprotected by patent rights. 








THE TURRET EQUATORIAL TELESCOPE 


A NEW ASTRONOMICAL OBSERVATORY 
By JAMES HARTNESS, SPRINGFIELD, VT. 


Member of the Society 


The subject of this paper cannot be properly considered without acknowl- 

dgment of indebtedness to at least three of our members, each one preéminent 
in one or more branches of astronomical science. Notwithstanding their 
creat variety of interests, these men have found time to write long letters of 
advice and criticism in response to questions or on submission of drawings 
suggesting the various steps in the evolution of thepresent scheme. Years 
ago the writer thought he was favored in this respect, but later observation has 
praven that the same earnest, personal consideration is given to anyone. It 
was from these men that the microbe of work in the astronomical field was 
taken, and it is a pleasure to acknowledge indebtedness to our Honorary 
Member John A. Brashear, and to Past-Presidents Worcester R. Warner and 
Ambrose Swasey, for advice and criticism of the optical and general features of 
the various schemes out of which this new observatory has evolved. Indebt- 
edness is also acknowledged to James B. McDowell and other members of the 
staff of John A. Brashear Co., Ltd., and to Alvin Clarke Son Corporation for 
painstaking care in answering questions and giving advice regarding the opti- 
cal parts. 


The new observatory grew out of an attempt to make an observa- 
tory in which the observer could work in comfort, independent of the 
outside temperature. To accomplish this end without serious handi- 
cap to good seeing and instrumental precision involved a departure 
from previous forms. 

2 For the purpose of defining the relation of the new observatory 
to preceding types it is necessary to refer to diagrammatic illustra- 
tions, Figs. 1A, 2A and 3A. These sketches are purely schematic 
and are not true to important details. 

3 Fig. 2A for the purpose of this paper will be referred to as the 
Standard Observatory, since it represents a type most highly devel- 
pped by reason of the greater number of instruments of this kind 
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that have been made. This instrument is not only the most efficient 
optically, but is probably the most reliable in point of mechanical 
precision when compared with any other instruments designed for 
covering the whole heavens and for general purposes. It has, how- 
ever, the one serious handicap of requiring within the building a 
temperature equal to that of the outside air. It is for the purpose 
of overcoming this handicap that the instrument to be described was 
designed. 

4 Fig. 1A is known as the Equatorial Coudé, or Elbow Equatorial. 
This instrument was designed to shelter the observer in comfortable 





Fie. 1a DracramMatic Sxetce or THE Equatortat Couns 
Object glass, 23 in. in diameter with 25:1 focal length; largest diameter of larger mirror, 32 in.; 
largest diameter of mirror at elbow, 23 in. 


quarters. It is of French origin and a number of these are in use in 
Paris and elsewhere. 

5 Fig. 3A is a schematic sketch of the new instrument which we 
propose to designate as the Turret Equatorial. 

6 All of these instruments are refractors, using an object glass 
for collecting the rays of light and delivering them to a focal point 
within reach of the eyepiece. 

7 In the standard equatorial the optical parts consist merely of 
the object glass and the ocular; for this reason it has the highest 
efficiency of any instrument for this purpose. 
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Fic. 2A Sranparp EQUATORIAL 
Object glass, 10 in. in diameter with 15:1 focal length. 
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“Fie. 3A Turret EquaTorraL 
Object glass, 10 in. in diameter with 15:1 focal length, 24-in. prism at bend, which ts approximately 
} the distance from eyepiece to objective. Actual size of beam of light is 2} in. at this point, or yy 
the area of objective. 
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8 The equatorial coudé purchases its comfort for the observer at 
the expense of a more or less serious optical loss, for between the ob- 
ject glass and the eyepiece two diagonal plane mirrors are interposed. 
In this instrument the beam of light comes to the eye at about the 
same angle as from a microscope on a table. The mirror at the ob- 
ject glass, of course, must be large enough to deliver the full bundle 
of rays, and since it stands at an angle of 45 deg., its major diameter 
must exceed the diameter of the object glass by about 40 per cent. 
This is also true of the diagonal plane at the elbow, although the 
diameter of the cone of rays is about 0.6 the diameter of the object 
glass. Notwithstanding this handicap, the equatorial coudé has 
doubtless been considered the best instrument which could be used 
by an observer comfortably housed. 

9 There is another instrument, not shown in the sketches, some- 
what similar to the equatorial coudé. It is called the broken equa- 
torial coudé, and is joined at the bend in the elbow, avoiding the 
necessity of the large mirror at the objective. It has been excluded 
from this description because it does not cover the whole heavens. 
Its building obscures the circumpolar stars and that part of the heav- 
ens that happens to be north of the building. 

10 Mention should also be made of the Tower telescope at Mount 
Wilson, Cal., designed for solar work. In this the beam of light 
is delivered downward by means of two reflectors through the 
object glass also located at the top of the tower. Reference might 
also be made to the various horizontal telescopes that have been 
used. But these instruments have thus far been used for only a 
limited part of the range covered by the standard equatorial. 

11 In addition to the standard equatorial and equatorial coudé, 
both of which should be classed as refractors, special mention should 
be made of the common reflector as it is now mounted at Harvard 
University. This instrument delivers the beam of light to the ob- 
server, who may be seated at a desk, just as in the equatorial coudé 
observatory. It is, however, a reflector, and should perhaps be kept 
in a class by itself. It also uses two auxiliary mirrors to deliver into 
the eyepiece, and furthermore, like the broken equatorial, its working 
range is limited by the obscuring of part of the heavens by its own 
structure. 

12 In all of the instruments designed for the comfort of the ob- 
server it has been necessary to introduce one or more reflectors, and 
barring the common reflector at Harvard and the broken equatorial, 
these auxiliary reflectors have been located near the objective. 
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Fie. A View From a Point SouTHeast OF THE OBSERVATORY 
Note the various positions of the turret on its axis and the positions of the tube in Figs. A-G 











Fie. B View rrom a Pornt aBout NorTHEAST OF THE OBSERVATORY 
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Fie. C View sHowine West SipE anp Sours Enp 











Fie. D Winter VIEW TAKEN JUST AFTER COMPLETION OF GRADING, SHOWING NorTH END AND 
East Si1pz 








JAMES HARTNESS 











Fic. E Inrertor or Osservine Room 








Fic. F Envarcsp View or Interior or Doms 
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13 In the present instrument the direction of the beam of light 
is changed, but instead of using a large mirror near the objective, a 
prism is used nearer the eyepiece. The area of the bundle of the cone 
of rays at the prisms is approximately 7 of the area of the object 
glass. By avoiding the use of large mirrors there is, of course, the 
optical gain, and the mechanical difficulties encountered in holding 
these large mirrors without flexure are also obviated. 

14 The means employed to shelter the observer and provide suit- 
able mounting and control for this telescope may be briefly described 














Fie. G Turret EquaToRIAL OBSERVATORY AND RESIDENCE TO WHICH IT IS CONNECTED BY UNDER- 
GROUND PassaGEWAY 


as a building having a turret-like dome, this dome being mounted 
to rotate on an axis parallel to the axis of the earth. 

15 In approaching this problem it is perhaps well to bear in mind 
the fact that the distances between the instrument and the celestial! 
objects are so great as to be practically infinite; hence, in saying that 
the turret is mounted on an axis parallel to the earth’s axis, it will b: 
just as well for our present purpose to consider it located at the axis 
of the earth. Furthermore, in considering the joint between the 
telescope and the turret, it will be more readily understood if we re- 
gard the pivotal connection of the telescope tube to the dome :s 
located directly in the middle of the turret instead of at one side. 
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16 Regarding the mechanical precision of the present instrument, 
it is very natural for us to question the reliability of a turret in serving 
the place of an arbor for the main polar axis. This axis not only 
provides a control of the motion of the telescope as it follows a star in 
offsetting the earth’s motion, but it also must combine with it some 
means for knowing with considerable precision a reasonably exact 
reading of the hour position or right ascension of the object. These 
two things make it necessary to provide the turret with a perfectly 
planed surface on its under side and a truly circular track. It also 
requires in the building a stable mounting for rolls on which the turret 
rests. 

17 There are two sets of rolls: one set on which the flat face of the 
turret rests must keep the axis of the turret parallel with the axis of 
the earth. The circular part of the turret bears on the other set of 
rolls. The office of the second set is to hold the axis of the turret in 
a fixed position relative to the building to facilitate convenience in 
measurement of the angular position of the telescope as to hour 
position or right ascension. 

18 If we can assure ourselves of the reliability of the turret for 
axial control and means for measuring the angular position of the tube 
around this axis, the author thinks we should be ready to accept the 
present scheme on account of its making possible the comfortable 
housing of the observer. 

19 In mechanism for obtaining the greatest precision of axial 
control of a rotating object, machine designers invariably prefer an 
arbor of relatively small diameter mounted in two bearings, with the 
distance between the bearings of at least half a dozen diameters. 
Small diameters also furnish a most reliable center control around 
which to measure angular position. 

20 In the present case as in nearly every problem of machine 
design, there are, however, other elements to be considered. The 
best solution is to determine what compromise to make. Even the 
almost ideal mounting of the standard telescope, such as exemplified 
in the great Yerkes refractor, an instrument which undoubtedly meas- 
ures the highest attainment along these lines, seems handicapped 
by a delicacy of poise which is not the most favorable for stability 
of control. 

21 It is entirely beyond and outside the object of this paper to 
discuss these various instruments, but it seems necessary, in order 
to set forth the object of the present instrument, to call attention to 
those that have preceded it, and in doing so to set forth the apparent 
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advantages and disadvantages as they appear to a novice, giving a 
view which, while it may not be correct, has at least the advantage 
of being a fresh one. 

22 The refracting telescope having standard equatorial mounting 
is not only the best, optically considered, but it is undoubtedly super- 
ior to all others when made in the smaller sizes and for use in pleasant 
weather. The mechanical difficulties, however, increase very fast 
with the size of the telescope, and there are, of course, many latitudes 
and altitudes at which these instruments are used where the observer 
must be exposed to very cold weather. 

23 The mechanical handicaps of the larger telescopes are due to 
the overhanging tube and counterweights. Noteventhe highest excel- 
lence in workmanship in making these machines nor the skill in their 
use seems to offset this instability. To the beginner, at least, it would 
appear that a breath of air or a change of adjustment would be suffi- 
cient to cause a quiver. 

24 Referring now to the use of large mirrors, such as are used in 
the equatorial coudé and others, we have already mentioned the me- 
chanical difficulties encountered in controlling the position of these 
mirrors without distortion. In the tower telescopes for solar work 
exceedingly thick mirrors have been used, and in the other tele- 
scopes devices have been employed by which the mirrors have 
been equally supported by many contact points; but notwithstanding 
this, no scheme seems to prevent fully the bending of the mirror and 
distortion of the image. The problem is especially difficult because 
these mirrors must be held in so many different positions. It would 
be a comparatively simple matter if there were no change of posi- 
tion. Furthermore, there is a temperature disturbance which is 
greater in a mirror than in a refractor. For this reason it is necessary 
to maintain an even temperature through the mirror. 

25 In addition to the distortion of the image by lack of mechanical 
control of the mirror, there is the serious objection of absorption by 
even the most perfect reflectors. This absorption reduces the total 
light that reaches the eyepiece, and since the object in using telescopes 
of larger light-gathering power is to get more light, the use of a mirror 
is equivalent to a reduction of the diameter of the objective. 

26 Furthermore, this cannot be offset- by mere increase in size, 
for the loss in definition due to atmospheric disturbance increases 
with the diameter of the telescope, resulting in a net loss in definition. 
Therefore the price paid for comfort is not only the amount which 
must be expended for the large object glasses and still larger reflec- 
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tors to go with them, but also an actual loss in definition. This loss 
of definition, of course, is greatest in the low altitudes and least in 
the rarefied air of the best mountain top observatory sites. 

27 In all equatorial telescopes provision must be made for chang- 
ing the angular direction of the telescope to and from the pole; in other 
words, north and south. The axis on which the telescope turns for 
this position of declination must stand, of course, at right angles 
to the polar axis. 

28 In the standard equatorial the arbor which furnishes the polar 
axis is provided with an opening transverse to it, which serves as 
a bearing for the arbor that is affixed to the side of the telescope 
tube and it is on the precision of this axis that the instrument 
depends for its true position in declination. It is undoubtedly 
due to the attachment of this secondary axis to the primary axis 
that this standard equatorial has the appearance of instability. It 
is, however, nicely counterbalanced, and the great precision of 
control is due to the excellence of workmanship and manipulation 
of a yery high order. Nevertheless, it would seem desirable to pro- 
vide some suitable control for the tube itself on this as well as on the 
primary axis. 

29 In the new instrument the telescope is not pivoted at the mid- 
dle, but at a point near the focus, and it is at this point that the prism 
is introduced and the rays are delivered into the turret through the 
hollow declination axis. 

30 The scheme of counterweight resembles in some respects the 
old-fashioned well sweep. This counterweight is fulcrumed at the 
opposite side of the turret and reaches over to a point near the head 
of the telescope, supporting it without adding the weight to the tel- 
escope head, thus relieving a part of the weight of the declination 
axis and also all torsional strain. 

31 This well sweep acts also as a brace in one direction. Its 
duty changes from that of a counterweight to one wholly of a brace. 
For instance, when the turret has been turned so that the declination 
axis is at the lowest part, and the tube has been pointed directly to 
the pole, then the counterweight is inoperative as a counterweight 
for the tube, but the arm becomes a brace. Therefore this scheme 
changes from one that is wholly a counterpoise to one that holds the 
telescope in position by a diagonal brace, and, of course, there are 
positions in which there is an equal service of each in the change from 
one extreme to the other. The brace always operates to stiffen 
the instrument against the action of the wind in certain positions 
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and the exact form may be varied to get the best results. The one 
shown in the illustrations was made to use available material. 

32 The means for controlling the declination position of the tele- 
scope is a wormwheel in which two worms engage. All of this is 
clearly shown in the drawings Figs. 17 to 20. 

33 It will be seen, then, that the observer sits inside the dome and 
receives the light coming from any celestial object above the horizon, 
and although it is necessary for him to change the position of the 
chair about 1 ft. east and west and 3 or 4 in. vertically, such a change 
does not constitute any serious inconvenience. 

34 The beam of light comes into the observatory in a horizontal 
position when the telescope is pointed along the meridian, and it 
changes from the horizontal position to one in which the observer 
looks down towards the north at an angle of about 45 deg. at this 
latitude. The control of the dome, both for its quick motion for 
changing from one position to another, and also for providing move- 
ment to offset the rotation of the earth, is all effected by levers within 
convenient reach of the observer. 

35 The rotation of the dome, instead of being effected by a worm- 
wheel or gearing directly connected to the dome, is through the means 
used for driving four of the supporting rolls. These rolls take bear- 
ing on the circular track. They are hardened and ground to the 
proper diameter to get the desired relation of speeds. All of the other 
rolls are merely idlers for maintaining the fixity of axis of dome, and 
all rolls:are mounted in ball bearings to reduce the total power 
required in turning the dome. Ball bearings keep the resistance more 
nearly uniform than could be maintained with plain bearings. 

36 The motor which furnishes the power was originally located 
within the building, but on account of its noise it was placed in a 
separate box outside of the building. 

37 As shown in Fig. G this observatory is located a short dis- 
tance from the observer’s residence. It is connected by an under- 
ground passageway which not only serves as a shelter in going to and 
from the observatory, but also as a means for carrying telephone and 
electric wires, hot and cold water, and the hot water for heating. 

38 It is located on the brow of a terrace on which the residence 
stands, at a level a trifle lower, so that the tunnel rises in going from 
the lower room in the observatory to the residence, about 9 ft. in the 
240 ft. of length. This difference in level, although it makes neces- 
sary the use of a small centrifugal pump to induce the hot water to 
circulate in the observatory, serves as an aid in ventilation. 
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39 The location of the observatory on the brow of a hill or ter- 
race, makes it possible to get a fresh air inlet from the lower part of 
the lower room by running an air duct out through the side of the 
bank to the open air. In cold weather the air rushes through this 
air duct into the observatory, through the ventilators in the top 
of the door into the tunnel, and thence out of the tunnel either at the 
place where the tunnel joins the residence, or through the house. 
In summer, when it is hot outside, the current of air flows in the oppo- 
site direction. At such a time the door to the residence at the head 
of the tunnel is kept closed and another door is opened to the outside 
air. This takes the fresh air from the outside, which travels down 
through the tunnel by gravity, giving up some of its heat to the tun- 
nel walls and reaching the lower room of the observatory at a fairly 
comfortable temperature. Then, by the aid of a small portable fan 
this air from the lower part of the room of the observatory is blown 
through an air duct into the dome. 

40 In this connection, perhaps, it would be well to state that the 
dome is lagged with wood on the inside and the windows are all 
double, that is, there is one set of windows in the wooden lagging on 
the inside, and another in the metal dome outside. This air space 
is desirable in winter as well as in summer. 

41 Regarding the form of the building, this may be almost any- 
thing from a large spherical dome to one having a hip roof. The one 
feature essential to this scheme is the proper neck for supporting the 
turret. This neck should be substantially the same as that shown in 
the present illustrations. The author selected the present form, partly 
to make it the least conspicuous from his residence, and perhaps it 
was influenced by the earlier form of the scheme in which it was in- 
tended to use a reflector instead of a refractor. 

42 Closely connected with this subject is, of course, the cost, 
which must be based on the way such things are produced. If more 
instruments of this kind are to be made at different times and in 
various places, there is no hope of getting them produced at a low 
figure. There seems to be only one way of insuring the success of 
an instrument of this kind. Every machine builder knows it, and 
yet the mere mention seems to establish an antagonistic attitude at 
once in the mind of the average man. 

43 It has not been considered ethical to take out patents on scien- 
\ific instruments, and although the writer has not the courage of a 
reformer to wage battle against this seatiment, yet when it is such 
common knowledge that machinery cannot be successfully aad eco- 





1524 THE TURRET EQUATORIAL TELESCOPE 


nomically built without the concentration of the energies of a number 
of men for a given purpose, and since this cannot be accomplished 
without patent protection, it has been thought best to apply for 
patents on the new features of the present instrument. Although 
this will be done without dedicating it outright to the public, it is 
needless to say that no barrier will be allowed to prevent these in- 
struments being built by any one until some business arrangement is 
made for the exclusive manufacture of some one size by some builder, 
and even then, others may be permitted to build other sizes; but all 
such permission will be given only by letter and not in a broadcast 
way that would in any way handicap the main purpose of making 
these machines available at a low cost to anyone who may desire 
them. It goes without saying that with patents there is always the 
thought of the exclusive right and profit of the patentee and manu- 
facturer, but regarding this point it is well-known that the low cost 
of such things, as well as the best workmanship and results, can be 
obtained only by concentrating all of the work in one plant. 

44 ‘The writer does not contemplate manufacturing these instru- 
ments. More may be built experimentally, but not for the market. 
If others wish to build instruments of this kind, permission will doubt- 
less be freely given, but with certain restrictions; but all this must be 
arranged in each case by correspondence. 

45 If patent is granted no charge of any kind will be made for 
license to build until some arrangement has been made for manufac- 
ture on. an efficient scale, and then only such restrictions as in the 
opinion of the patentee will be for the best interests of the science. 

46 In closing, the writer begs to call attention to the fact that the 
great advancement in the world’s knowledge, due to the work of the 
astronomers, has been carried on by the men who have braved the 
mosquitoes in summer and observed long hours in the most unfavor- 
able temperatures. These men have been recruited from those who 
have taken up the work as an avocation and for every man of 
this number there have undoubtedly been ten or a hundred who have 
-grown faint-hearted at the mere thought of the exposure incident 
to observing and at the high cost of the large instruments. With 
means of this kind made generally available it is thought that there 
will be more men in this work, and that from the greater number 
perhaps even greater work may be accomplished in the future. 
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DATA REGARDING THE TURRET EQUATORIAL 


Object glass, 10 in. in diameter, and 150 in. in focal length. 

Inside dimensions of building, 6 ft. by 18 ft. 

Outside diameter of dome, 7 ft., 4 in. 

Weight of dome casting, about 1} tons. 

Total weight of dome with counterweight, tube, etc., about 2 tons. 

Weight of ring-casting on which the dome is mounted, 1} tons. 

The optical parts were furnished by The John A. Brashear Co., Ltd. All of 
the other work was home-made, except the two large castings which were 
cast and turned in Fitchburg, Mass. 

The hour circle consists of a flat ring having approximate dimensions of 52 in. 
outside, 48 in. inside, and ? in. thickness. 

The inner diameter is graduated down to divisions of 1 minute. These 
divisions are about 0.1in. apart. Vernier edges were provided for division 
of the minutes into seconds, but thus far a crude substitute has been used 
in preference. It consists of a rotating dial driven by gearing which also 
turns the dome. Its connection is such that the dial makeslr.p.m. With 
the 60 graduations on dial, the division of time into seconds is very read- 
able. 

In use the hour circle may be set to the even minute of position, leaving the 

4 plus or minus of seconds to be allowed for at the zenith point by the time 
piece. 

The declination wormwheel is 24 in. in diameter, and is provided with two 
worms located on opposite sides. These are rotatively connected by means 
of a cross shaft and spiral gears. 

In order to prevent conflict of action an eccentric bearing is provided for 
accurately gaging the depth of engagement of each worm. A separate 
means for turning each a very slight amount is also provided. 

Graduations for minutes of degrees are carried by hubs on worm shafts. 

The proximity of the two eyepieces led to the disuse of the finder, but if it is 
needed in future work, there are a variety of schemes for overcoming this 
difficulty. 

Attention should be called to the rigidity of the eyepiece and the opportunity 
afforded for attaching photographic and spectroscopic apparatus. This 
feature is to be found in other telescopes designed for comfort, but as this 
instrument seems to partake more of the good seeing qualities of the stand- 
ard telescope, it does not seem out of place to call attention to this advan- 
tage it has over the standard in which the delicacy of the poise is disturbed 
by added weight and adjustment of counterbalances. 
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Fie. 2 Firoor Pian oF THE UpPER COMPARTMENT OF OBSERVING ROOM AND THE BOX OUTSIDE THE 
BUILDING IN WHICH THE MOTOR IS LOCATED 
Fie. 3 Fioor Puan or Lower ComMpaRTMENT AND SUBWAY ENTRANCE 





THE TURRET EQUATORIAL TELESCOPE 














Fia. 3a LonoirupinaL VERTICAL SECTION THROUGH THE TURRET 
Fic. lla OniginaL Form or DirFrERENTIAL MOTION FOR MANUALLY VARYING THE ADVANCE OF 
DoE AS IT IS TURNED BY MOTOR TO FOLLOW A SrTaR 
This has been superseded by Fig. 11, but may be reinstated again. 
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Fic. 4a Cross-SEcTION THKOUGH TURRET ON THE PLANE INDICATED BY LINE 4a4a IN Fig. 3a 

It clearly illustrates the scheme of ribbing which was chosen‘to resist warping or change of plane of 
under side of turret. It also shows its stability to resist any tendency to lose its true circular form of 
track, 42f in Fig. 4. The entire precision depends on the reliability of this plane and circular face of 
turret. This may be considered the most essential element in the whole structure. 
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Fic. 4 SEcTION THROUGH THE TURRET INDICATED BY Ling 4—4, Fria. 1 

The eight conical rolls 42a furnish a support to plane the face of theturret. Their office is to keep the 
axis of the turret truly parallel with the axis of the earth; that is, they prevent the turret from tilt- 
ing. The four rolls at the top, marked 56, are the driver rolls. The circular track of turret is shown 
in section 42f. The turret hangs on these driving rolls held in position laterally by side rolls 57. 

The four rolls marked 58 at the bottom of the figure are to relieve the burden on driving rolls 56 
when the instrument is not in use. 

Fics.5anp6 NortH AND West ELEVATIONS OF THE TELESCOPE AND DoME SHOWING TELESCOPE 
POINTED TO ZENITH; ALSO BY DOTTED Linzs, VARIOUS OTHER PosITIONS OF THE TELESCOPE 
RELATIVE TO THE DomE ' 
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Fics.7 anpD8 PLAN AND ELEvaTion of Drivine RO.LLs AND THEIR GEARS 
Fic. 9 CiuTcH MECHANISM FOR THE SLOW Motion OF Dome (Sez Fia. 10) 
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Fic. 10 DIAGRAM SHOWING TRANSMISSION GEARING AND CLUTCHES THAT GIVE THE Mortons TO 
THE TuRRET. It ExTENDS FROM THE ToP TO THE Borrom OF THE PaGE 

The fast motion forward and back is under control of lever 78 and the slow motion is controlled 
by lever 82. These levers interlock to prevent conflicting engagement. The slow-motion clutch is 
shown asa friction clutch at 69 and 69a, and the fast motion clutches are of the positive, or toothed- 
clutch type and are shown rather obscurely at 70d and 76b. These gears with their clutches are located 
in a gear box on the floor of the observing room (Fig. 2). The shafts 70 and 70a which transmit the 
motion from this box tothe upper group of gearing are unfortunately obscured in this view by the 
lever control shaft, 77d. They may be more clearly seen in Fig. 3a. 

Fig. 16 Sur Box or Sarety CoupLinG BETWEEN THE Two SHarts 70 AND 70a 
It is wholly unnecessary, for ¢he driving rolls slip when any undue resistance is encauntered. 
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Fic. 17 Secrionat PorRTION OF THE TURRET THROUGH THE DECLINATION AXIS, SHOWING ALSO 
SEcTION OF THE LOWER Part oF FOUNDATION RING WITH ONE OF THE CONICAL SupPORTING ROLLA 
tn SEcTION ‘ 

The part of the foundation ring shown is the same as the lowest part shown in Fig. 3a. In Fig. 17 
the end of the telescope tube is represented by 41. It is attached to the head declination arbor 41z. 
This arbor turns in bushing 61 which is forced into turret seats at 6lz and 612. 

The cone-shaped beam of light from the object glass comes down through tube 41, passes through 
prism 59 which changes its direction 90 deg., delivering it to the focal point near ocular 40. The light 
for the finder enters through opening 606 directly into prism 60z, thence through an object glass (not 
shown) which is located in the inner opening of 60a. From this object glass it converges to focal poin; 
near the finder eyepiece 60. 
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Fies.18T022 Various Views or DecLINATION WORMWHEEL AND ITs CONTROL BY DousLE WormMs 
The form of the wheel and its connection to the arbor is not ideal, but may be very much improved 
in any later work. 
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Fie. 28 A ScuoematTic ARRANGEMENT OF THE ESSENTIAL ELEMENTS IN THE MOUNTING OF THIS 
TELESCOPE, NAMELY, THE Fiat CrrcuLar Rina Mountep ON CONICAL AND CYLINDRICAL ROLLS, 
MEANS FoR ApsJusTING ForMATION RING AND FOR Drivina Rous 

Smaller turrets might be made without use of supporting rolls and by going back to the worm drive 
instead of the roller drive. A great variety of circular hollow bearings might be used for smaller tur- 
rets, but for one of the present size a single true plane and a single circular track with rolls seem to 
be the best. 

Fies. 23 ro 27 Various Views or VERNIERS FOR Hour CIRcLE 
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Fies. 29 to 33. DIAGRAMS SHOWING ONE OF THE MANY POSSIBLE MODIFICATIONS OF DECLINATION 
ConrTROL 
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Fires. 34 To 36 Derarts or ScHEME SHOWN IN Frias. 29 TO 33 
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DESIGN CONSTANTS FOR SMALL GASOLINE 
ENGINES 


By W. D. ENNIs 


ABSTRACT OF PAPER 


Common rating formulae consider piston displacement as the only variable. 
d? 


The expression is suggested for brake horsepower at 1000 ft. piston 


26,000 
speed. The factors influencing the value of C are examined quantitatively, 
and its probable limits are found to be 5,970 and 11,008 for a 4-cycle cylinder, 
depending on the design and operation. These limits correspond to the range 
of mean effective pressures, 55 lb. to 90 Ib. 

n attempt is made to develop a more general expression which shall include 
the effect of piston speed variations. The form of this expression is 


Ca? fS° 


brake h.p. = 24,200,000 


in which there may be employed the tentative values f=1.85, e=0.9 

The internal-combustion motor, unlike a steam engine used for traction, 
can develop full power only at full speed. The steam locomotive can fu nish 
a maximum horsepower output even at. very low velocities, by using a late 
point of cut-off. When an automobile must run slowly against heavy resist- 
ances as in hill-climbing, the large amount of power required necessitates 
high piston speed and gear reduction. 

As with the steam locomotive, the tractive force is (within certain limits) 
approximately independent of the piston speed. We may make independent 
assumptions as to tractive force and car velocity for one condition only. These 
being fixed by requirements, the horsepower, cylinder dimensions and gear are 
also fixed. For any other requirements, if the resistance be prescribed, this 
fixes the gear ratio at maximum output (which corresponds to maximum pis- 
ton speed) and the corresponding car velocity may be computed from the 
resistance and horsepower. If on the other hand the velocity is prescribed, 
the gear ratio (for maximum power and piston speed) is at once fixed, and this 
determines the tractive force. 








DESIGN CONSTANTS FOR SMALL GASOLENE 
ENGINES 


WITH SPECIAL REFERENCE TO AUTOMOBILE WORK 


By Wiuu1amM D. Ennis, Brooxtyn, N. Y. 


Member of the Society 


The following notations and expressions apply to a single- 
acting water-cooled cylinder in a traction engine using gasolene as fuel: 
p=absolute pressure of gas or mixture, in lb. per sq. in. 
v=volume of gas or mixture, in cu. ft. 
T =absolute temperature of gas or mixture 
D=displacement of piston per stroke, in cu. ft. 
S=speed of piston, in ft. per min. 
W =ideal work done per power stroke, in ft-lb. 
d=diameter of cylinder, in in. 
s=stroke of piston, in in. 
r=revolutions per minute made by engine 
N =revolutions per minute made by wheel of car 
w=diameter of loaded car wheel, in in. 
F =ideal tractive force, in lb. 
A=head-end area, in sq. ft. 
n=an empirical exponent, having a value between 1.29 and 
«1.388 
Vo=velocity m ft. per sec.; V=velocity in miles per hour 
m=weight of car (loaded), in lb. 
R=total resistance to propulsion, in lb. 
l=a factor by which W may be multiplied to obtain actual 
work at the engine shaft 
Pm=average continuous net effective pressure in the cylinder, 
Ib. per sq. in. 
u=ratio of rotative speeds (r.p.m.) of car wheel and piston 
N 


r 


HE AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Street, 
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2 The preliminary relations given below at once follow: 
RV 
375.5 
336V = Nw, Vo=1.462V V2=2.15V? 


@s = 2200D, sr=6S, h.p. (at tires) = 


3 Fig. 1 is taken as the reference indicator diagram for further 
analysis, the lines 23 and 41 being vertical, and the value of n being 
the same for expansion as for compression. We have 


W=144 i Pata Pete Pat + P| “ _ {os (pa— ps) +04 op} 








Fig. 1 REFERENCE DIAGRAM 


Also, letting — =a 
1 


D 
%—n%=D; »n=an; u(l—a)=D; = “pial oe 
144D 
W= a-) i-w {a (ps — pe) + pi- p.| 
4 Ignoring journal and transmission friction, 
work at cylinder=work at tires 


TPmd* _, 2sr _ awN 
wis tials 
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W 


—_ 
4144p’ “° have, letting —— = c 


and since pm = D 


, cPsr  1.915cDr_ c#S 


= 1152Nw aan Nw _ 192 Nw oeeeeeeesees [3] 


5 If the car moves at a velocity V» as compared with that of 

the surrounding air, then, ideally, the resistance due to air is 
R, = 0.0025 AV? 

Experimentally determined resistances on actual surfaces differ from 
this; but since the automobile presents several successive approxi- 
mately normal resisting surfaces it may be well to retain the factor 
().0025, interpreting A to mean the transverse clearance area between 
the bottom of the chassis and the top of the body (Fig. 2). 


Fia. 2 Heap-Enp AREA 


Hatching denotes Transverse Clearance Area, taken as Equivalent to the 
lfead-End Area in the Formula R=m,AV? 


6 On a grade of (100k) per cent, the resistance due to the grade 

(Fig. 3) is 
R,g=mk 

7 Acceleration conditions are seldom decisive (Par. 23). 
car must then be designed to (a) develop a uniform speed of Vs 
niles per hour on a straight level track, or (6) ascend a straight grade 
i at a speed of Vg miles per hour: the wheel-rim resistances being 
derived from equations [4] and [5] respectively 

. Rs=0.0025 AV and Rg =mk+0.0025 AV,? 

8 The work done in the reference diagram of Fig. 1, per power 

stroke, is from equation [1] 


cD=W ft-lb. 


: 
§ 
; 
| 
: 
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For a single-acting 4cycle cylinder 


Wr _ oD 
66000 66000 
Alternatively, from equation [2] 





h.p. = 


np. = FV. — 1100 DrpmV 
P-~ 375.5  375.5Nw 


But V= a and pm = 


336? ; whence 


c 

576 
hp.= _100DreNw ___orD 
576 X 336 X375.5Nw 66000 

crs PS (9) 

145,200,000 24,200,000 “°° 





mes 
< 
a 
oq 
an 
S 





b 
Fic. 3 GRADE RESISTANCE 


ab ef ab 


ne ed ac ef = km lb. 


9 The following relations (referring to Fig. 1) will be found useful: 


(2) "~% (ya, Mit mip (2) = Ts 
V1 T,’ “a, pe. Pe T2’ Pi D2’ Pi T; 

10 By making a comparatively small number of assumptions we 
may now arrive at an arithmetical expression for equation [1]. In 
general, values of p: for 4-cycle engines will be between 12 and 14. 
The value of n will range from 1.29 to 1.38, that of 7’; will be taken in 
all cases at 3460 deg., while 7, may vary between 600 deg. and 760 
deg. An assumption must be made as to either 72 or pe: it is the 
temperature which really determines the condition at the state 2, 
but practice has pretty well standardized p. at various values for 
different types of engine between 45 and 100. 
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11 In order to establish the limits of value of equation |1], care 
must be taken to adopt properly contemporaneous figures. In the 
general case, p:, 73 and pe being assumed, (v; — v2) varies inversely 
as the value of n. Now 







- Ts 
ao. ss n-l 
PB 7, (2) 
Pi 
oT 
Di— p= — pp 


T, (2) 
Pi 


The rise of pressure during combustion thus varies inversely as the 
value of n and inversely as 7;. Since it is the condition of maximum 





r 



















| ; 


Fig. 4 Diagram at Hicu SpEeep 





work that both (ps~pe) and (v; — v2) should be maximum, then a low 
value of n is desirable. It also appears that at maximum work con- 
ditions 7’, should be a minimum, as should p;. We have then the 
following concurrent values: 


4-Cycle Cylinders 


Type n np Ts Ti PDs 
DE panss tid tesnbweni CeteubssdarBherioenseee wen 1.29 12 3460 600 100.0 
PO teedivnsaus avshudcaraddbkabesebasesivenee 1.32 12 3460 660 93.0 


WO gy staal ob aeeeScllaed ARAM wes Saecb oud 1.38 


Derived Values 








rT. ; v2 

lype v1 T: ps cl (assumed) cl 
ee eee aerrer 0.195 967 358 43.0 12950 0.85 11008 
Piudeertudessetedeaneee 0.212 1080 298 38.4 9786 0.80 7830 


WORE 6s bc dsiie li cdiivesttl 0.429 1049 148 46.2 7960 





0.75 5970 
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These values will be used in the subsequent discussion, although an 
adequate series of experimental values of pm is to be preferred. 

12 If in equation [9] we substitute the values c=9786, S=1000, 
_- a close confirmation of the © formula of the 
Association of Licensed Automobile Manufacturers. This is horse- 
power gross, and the power available for propulsion will be reduced 
to an extent determined by the amount of cylinder loss, journal and 
transmission friction. 

13 At high piston speeds, the reference diagram (Fig. 1) becomes 
seriously modified, taking some such shape as that of Fig. 4. The 
combustion line 23 slopes away from the vertical, and ps3, ps and c 
are all reduced. This effect may be expressed by substituting for S 


we obtain h.p.= 





| cee 

el Si.) 
- oe a ‘s - 
Ve 

co* 





Tractive Force 








a 
ica} 
a 
a 
— 
= 





Piston Speed, Ft. per Min.,=S 


Fic. 5 Errect or Hier Piston Speeps}| 


in equation [9] or in other equations containing implicit values of S, 
the term 
fs 

in which f>1, e<1. Consideration of a number of comparatively 
slow-speed diagrams, with some power measurements at high speeds, 
suggests the tentative values for piston speeds exceeding 500 ft., f = 1.85, 
e=0.9, as leading certainly to more nearly correct results than 
the assumption of constant mean effective pressure at all speeds. 
Fig. 5 represents on this basis concurrent values of S and fS°*, and of 
horsepower, mean effective pressure and tractive power, corrected 
and uncorrected for piston speed. 

14 There seems to be no good reason why speeds and grades 
should not be standardized for various types of service, so that spe- 
cific values may be at hand for equations [6], say for recognized 
standard cars like a town car, touring car, light roadster or truck. 
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The power equipment may thus be more or less standardized and 
consequently, also, the total weights of the cars. 

15 The capacity of the cylinder increases indefinitely with the 
piston speed, but the economy falls off as the piston speed increases. 
Maximum horsepower at maximum piston speed should be based on 

RV 
375.5 
is required, the piston speed should be cut down, and the required 
speed of car maintained by introducing a new gear. In general 


equations [6] and the relation h.p.= When less horsepower 


16 A rather limited group of observations indicates that the effect 
f journal and transmission friction may be represented by an equiv- 
lent constant loss of ideal tractive force. For a given car, nearly 
regardless of speed variations, the tractive force at the wheel rim is 
therefore taken at g lb. less than the ideal computed tractive force. 
17 Since in a given cylinder the horsepower varies as fS° 


fS:° _ (Ra+g) Vs 
Se (Ritg) Vi 
: ; V ai P ; 
and since u varies as—— when, as in a given car, the wheel diameter 
and stroke are fixed 


tm _ Rtg (3) 


U2 Ri+g Se 


18 Two of the basic formulae will now be grouped for reference: 


Vi ___led®fs° 
375.5 24,200,000 
_ leafs? 


h.p. = (R+g) 


_ led fS° 


in 192Nw 


=R+g 

19 As an illustration, consider a touring car weighing (loaded) 
3300 lb., having an equivalent head-end area of 26 sq. ft. (Fig. 2), 
driven by a 4-cylinder 4-cycle engine, and required to maintain a 
speed of 50 miles per hour in still air on a straight road, or of 20 miles 
per hour on a 9 per cent grade. The rolling circumference of the 
loaded rear wheels is 8.96 ft., whence their diameter is 34.1 in. 


. ake OOS ae et A ET ER REA TRS SR ES. OF A RIE a a ge gm 


PIG Rae rire 


PS 
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(nominally 34-in. tires). The friction loss from the cylinders to the 
tires is taken at 50 lb. 
20 These conditions make the formulae yield 


R, = 0.0025 X 26 X 50? = 162.5 
R, = (0.09 X 3300) + (0.0025 x 26 X 20%) = 323 


50 


h.p.,= (162.5 + 50) 375.5 28.25 


20 
h.p.g= (323 + 50) 375.57 19.8 
Maximum horsepower must be attained at a piston speed, say of 
1000 ft. per min.; then, from Par. 18 


28.25 _ 7830d? x 1.85 x 1000°° ae 
4 24,200,000 -and d= 4.84 in. 


162.5 + 50 _ 7830d? x 1.85 x 1000°° 


4 64,512 X50 and d = 4.84 in. 





Assuming a stroke of 5 in., giving r=1200 r.p.m. at ful speed 


_ 33650 _ 
“= i200 x 34 9*! 


For the grade condition, we have 
_ 33620 


34.1r 


19.8 7830 (4.842)fS° _ i 


and since r= 


_ 336 X 20 


Ug= 34.1 x 840 > 0.235 


Or, directly 


0.9 —1.0 
Ug _ 212.5 ( 700 ) and tu = 0.235 


u 373 \1000 


21 The cylinder will then be 4{ in. by 5 in. and the gear ratios for 
the two conditions 0.41 and 0.235, or as they usually described, in- 
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versely, 2.44 and 4.25. A single : ratio might possibly be used for the 
two conditions, with added higher ratio gears for use when starting 
or ascending limiting grades. Theuse ofa : ratio involves, under the 


level-road condition, either a reduced velocity of car for a given pis- 
ton speed, or an increased piston speed to maintain the required max- 
imum car velocity. On the grade, the change in gear ratio cuts 
down the tractive force and the car will not meet the specified con- 
ditions, even though equipped with a motor of ample size. 

22 The matter of gear ratios is closely associated with the char- 
acteristics of the car. For the two conditions given, the desirable 
ratios are 2.44 and 4.25. The grade condition is the easier one to 
meet, and does not require maximum horsepower. With the cylin- 
der available, at 1000 ft. piston speed, the velocity that might be 
attained on the grade is found from the expression 


28.25 =[50 + (0.09 x 3300) + (0.0025 x 26 x V?)] md ; 


to be nearly 28 miles per hour. At this velocity 


_ 336X28 _ 
~ 1200 X 34.1 — O25 






and a gear ratio of 4.35 becomes desirable. This does not greatly 
exceed the gear ratio for a grade velocity! of 20 miles per hour, when 
the piston speed is reduced to 700 ft. per min. and the horsepower to 
i9.8. A high ratio gives low values of V at maximum piston speeds, 
required at the moment of starting. The lowest ratio desirable is 
that for maximum velocities; with ordinary wheel diameters it will 


never be far from ~ at 1200 r.p.m. of the engine, where V is the 


, , : r.p.m. 
maximum velocity required; or generally, aT) a 
ACCELERATION CONDITIONS 


23 When a car starts on a straight level road, the resistances to 
be considered are (a) friction, (b) head-end resistance and (c) that 
due to acceleration. In the following analysis, the first will be ig- 







! The increase in grade velocity only slightly increases the resistance, trac- 


tive force and gear ratio, because the grade resistance greatly exceeds the veloc- 
ity or head-end resistance. 
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nored and resistance and horsepower will be referred to the wheel 
rim rather than the cylinder. 

24 The car starts under a constant tractive force, capable of 
overcoming a constant resistance, while the motor is getting up to 
full power and speed, the car meanwhile accelerating. As soon as 
maximum power is reached, further increase in velocity is possible 
only as the resistance decreases, acceleration becomes less rapid, and the 
product of the resistance and the velocity is constant. If we ignore 
the question of gears, or rather, if we assume a continuous variation 
of gear ratio to be possible, this condition of things will continue until 
the head-end resistance alone, at the attained velocity, consumes all 
the power. Acceleration will then cease and the car will thereafter 
move at constant speed, resistance and horsepower. 

25 During the early part of acceleration, the head-end resistance 
is negligible. With any reasonable (wheel rim) tractive force, the 
fraction thereof not available for acceleration, at velocities below 5 
miles per hour, may be safely ignored. Within this limit 


Force =mass X acceleration 


dVo 32.2R 
-_- constant = - 


where R is the available tractive force. For the particular car under 


; . R aS = 
discussion, let the gear ratio (first) be T Then assume that the 


motor will work with constant tractive force up to 1200 r.p.m., when 


the r.p.m. at the wheel will be te = 100, and the miles per hour 


,  84.1X1007_ .,.. 
Y.3 a ae 
_ 14.83 


V= 1-462 


=10.17 


. , ~ {162.5 
At this speed, the motor will develop 28.25 (Ss ") = 21.6 h.p. at 
2.0 


the wheels (Par. 20), and therefore 


375.5 X 21.6 ; 
= a _= 9 
R 10.17 802 lb, 


Then, since dV. = 1.462 dV 


a constant = 222% 902 
dt ; 1.462 x 3300 


5.35 
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and for the attainment of a velocity of 5 miles per hour the elapsed 
F 

time is 5 <5 = 0.94 seconds. In the velocity-resistance diagram, Fig. 

6, we therefore draw the horizontal line cd from V>=0 to Vo= 14.83, 

with R=802. In the speed-time diagram, Fig. 7, we draw the straight 

line Oa from V=0, t=0 to V=5, t=0.94. 

26 The point a in Fig. 7 lies between c and d in Fig. 6. To deter- 
mine the speed-time relation beyond a (Fig..7) and up to d (Fig. 6), 
we must consider both head-end resistance’’and acceleration resis- 
tance. The sum of these remaining constants 


1000 





E 


é 





Resistance, Lb. (R). 
a 


ES 




















40 50 60 
Velocity, Ft. per Sec. ( Vg) 


Fia. 6 Hrap-Enp AND ACCELERATING ForRcES 


m_dVe 
32.2 di 
dV 
d 
This gives, for V=5, t=0.94; for V=10, t=1.87; and for V=10.17 
(limit), 4=1.92. The curve ag in Fig. 7 is plotted with these values. 
27 From this point 


Ry = 802 = 0.0025A V? + 


= 0.065V? + 102.3 


ee ORG, 
h.p. = constant (0.0025 4v t+ 355 adi ) 550 


* More strictly, as shown by equation [3] ,Par. 18, the horsepower does not 
increase quite as rapidly as the piston speed; but it seems a fair simplification 
of the problem to proceed in the manner suggested. 

t The rate of doing work when the instantaneous force isRy and the instan- 
taneous velocity is Vo, is the same as that when a constant force Ry moves 
the car at the constant velocity V. for one second of time. 
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If the car moves in a vacuum, so that there is no head-end resistance 


m dVo Vo 


h.p. = constant = 39.2 di BBO 


the equation of a parabola having its vertex at the origin and its 
focus in the time axis. In the general case 


RsVo=a constant 
RsV =a constant 


Elapsed Distance, Ft. 
100 200 300 











= 
o 


Time, Sec. (1) 
& 











20 30 40 
Velocity, Miles per Hour (V) 


Fic. 7 AccELERATION CURVES 


equations of an equilateral hyperbola referred to its asymptotes, 
the axes of Ry and V or Vo. This is plotted as the curve adleb, Fig. 


6, and continues until the head-end resistance alone consumes the 
power, when 


h.p.=a constant = 0.0025 AV* Vo 
.p. ean 


which for our conditions gives 


V=50, Vo=72.1 
point e, Fig. 6. 
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28 From c through d to e, Fig. 6, the total resistance is the sum of 
two items, which may be separately shown. Thus, at any velocity 
Vo (=1.462V), the head-end resistance is 


0.0025 AV?=0.0303 V.? 


from which we have 








Velocity, ft. per sec.................10 20 30 8640 50 60 70 
Head-end resistance.................. 3.03 12.1 27.3 48.5 75.9 109 148 





These values give the curve ohke, Fig. 6. Any ordinate, like hj, kl, 
lying between this curve and cde, represents the force available for 
producing acceleration, at the given velocity. 

29 The first expression in Par. 27 gives 
















hie 






whence 


4 , r , 
_ 1 2500 + 50V + V? )- re -7) 
a 3 loge (si —more iy OO \-s 


+a constant 


which yields 







Velocity, miles per hour............. 10.17 il 15 20 30 40 
Elapsed time from starting, seconds.. 1.92 2.06 2.98 4.78 10.10 20.3 





The curve is now plotted to the right from g, Fig. 7. 
30 To express acceleration in terms of distance traversed, a graph- 











ical approximation from Fig. 7 should be sufficient. Since dV = -, 
S, the distance traversed in the time ¢ at the velocity V, is the area 
under the speed-time curve ogy. As far as the point z, where V = 15, 
it can be regarded as triangular; and the space, in feet, traversed from 
starting is, at a 







5 X 0.94 X 1.462 _ 


. 3.43 






15X - X 1.462 _ 206 
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From this point, accurate distances may be determined by a plani- 
meter; or, approximately, from 
V=15 to V=20, distance traversed = 17.51.80 1.462 = 46.0 feet, 
elapsed distance =32.6+46.0=78.6 feet: 
"=20 to V=30, distance traversed =25 X 5.32 K 1.462=194 feet, 
elapsed distance = 78.6+ 194 =272.6 feet. 
These values give curve B, Fig. 7. 

31 Considering the graph cde, Fig. 6: after the point d is passed, 
the piston speed (a function of Vo at a given gear) becomes exces- 
sive. This is corrected by throwing in a new gear. If the car can 
for a short time maintain its velocity, the change of gear will decrease 
the r.p.m. and h.p. of the motor, and the graph from d will be as 
shown by the dotted lines dmn. If the car slows down, the action 
is as along dgmn. The curve de is then purely ideal, a sort of result- 
ant of a series of steps like dmn or dgmn, and the degree of approach 
of the actual steps to the ideal curve will be related to the number 
of gear changes. Under a fixed maximum piston-speed limit, the 
velocity-resistance curve would consist of a series of alternate constant- 
velocity and constant-resistance paths, and the speed time curve 
would be made up of a series of alternate straight vertical lines and 
curves like ag, Fig. 7. Supernormal piston speeds introduce still 
further modifications of the ideal curve. 


CONCLUSIONS 


32 a The horsepower developed at the engine shaft by one single- 
acting 4-cycle cylinder at 1000 ft. piston speed may be 
written 


Cae? 
26000 


where d is the cylinder diameter in in. and C has a value 
between 5970 and 11008, as specified in Par. 11. 

b The horsepower developed at any piston speed S may be 
written 
. CaP fS° 


24,200,000 


tentative values for the constants being, f=1.85, e=0.9, 
S>500. 
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c The wheel-rim tractive force, in lb., necessary for speed on 
a level road only is 
Rs=0.0025 AV? 
A being the transverse clearance area of the car, in sq. 
ft., and V its speed in miles per hour. 
d That necessary for a speed Vz on a grade k is 
R,=0.0025 AV, + mk 
m being the weight of the car in lb. 
e The tractive force referred to the engine shaft for a 
wheel-rim tractive force R is 
R+g 
g being probably about constant for a given car. 
f The fundamental equation of design is then 


CHfsSs _ (R+g)V 
24,200,000 EE RUS Ree ReR SHS 


which at 1000 ft. piston speed becomes 


SesceteseeG260 ee ebsee 


g Equation [13] should be used to determine d at the condi- 
tion of maximum power, and the corresponding neces- 
sary gear ratio is 


sla 336 V 
Nw 









where N =r.p.m. of car wheel having a diameter of w in. 
h For any other condition, independent assumptions as to 
velocity and horsepower are impossible. The engine 
must have sufficient speed to develop the required horse- 
power. If the wheel speed is also fixed, the gear ratio 
is fixed and the limit of tractive force established. The 
gear ratio for a given car is a function of both the total 
resistance and the piston speed. 





EXPENSE BURDEN: ITS INCIDENCE AND 
DISTRIBUTION 


By Steriine H. Bunnetu 
ABSTRACT OF PAPER 


Correct cost-keeping is taking rank with the problems of construction in the 
work required of the engineer. Factory burden, an important item of man- 
ufacturing cost, is to be regarded not as waste, but as the continuing outlay 
for the maintenance of the active concern. High or low ratios of burden to 
direct or prime cost give no direct indication of the degree of operating effi- 
ciency. Burden items should be analysed in detail and allocated to the vari- 
ous producing units of the factory, so that the cost of maintaining, operating 
and supervising each unit may be known and charged as a time rate against 
thé cost of each item of work passing through the unit. The method of pro- 
cedure is illustrated in connection with a small machine shop. The normal 
running expense or burden is scheduled, and accounting methods are suggested 
by which the efficiency of the management in keeping expense in agreement 
with the schedule, may be shown. The net result of such a rational method of 
distributing expense burden is to stabilize the cost of product against the effect 
of temporary changes in the expense schedule, while providing a definite stand- 
ard ‘of running expense as a measure of the efficiency of the supervising depart- 
ment. 











EXPENSE BURDEN: ITS INCIDENCE AND 
DISTRIBUTION 


By Steryting H. BuNNELL, New York 


Member of the Society 


As the various problems of engineering design and construction are 
reduced to the application of known rules, precedents and data, the 
element of cost enters more prominently into the calculations on which 
the choice of plans is based. Almost any engineering construction, 
whether railroad, bridge, tunnel, transmission line, factory or me- 
chanical device, can now be produced with materials and methods 
inteasy reach. The question, “Can it be done?” has given place in 
importance to “ Will it afford an attractive return on the investment?” 
The engineer must now master in addition to the mathematics of 
materials and of electricity, the problems of financial operation, the 
principles of estimating correctly and providing for fixed charges, 
as well as operating expense, and all the other details of accounting 
required for the continued successful operation of an enterprise after 
construction is finished. 

2 By far the most difficult of the problems presented for joint solu 
tion by the engineer and the accountant is that of the distribution 
’ of factory burden on correct principles. The original conception of 
burden treated it as a wholly unfortunate, objectionable and re- 
grettable outlay, to be kept as small as possible, and subtracted from 
the gross profit of the factory operation to obtain the figures of net 
profit. Every possible effort was made to charge not only wages and 
material, but also repairs and supervision, in some way or other in- 
to the particular product that happened to be under construction. 
The residue of expense which could not be disposed of arbitrarily by 
this method was collected into a single expense account and distribu- 
ted by proportion over the cost of the products. The usual method 
adopted for carrying out the calculation was to distribute the expense 
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either as a percentage to cost of labor, or as an hourly charge to be 
added to the wages cost, of every hour’s labor performed. Where 
this conception and practice exists, every bill that happens to be paid 
in a given month, or at the best, every charge incurred during that 
month, is regarded as expense to be distributed over the product 
of that month. If something breaks down and is repaired at heavy 
expense, the goods cost more that month because of making the re- 
pairs at that particular time. Accounting of this character has made 
it possible to operate many a factory at ahuge profit, until the econom- 
ically worn-out shell could be unloaded on some capitalist innocent 
enough to dispense with engineering advice, and purchase on the book 
figures of past operation. 

3 The basis of this scheme of distributing burden by scattering it as 
evenly as possible over everything in sight, is the wholly erroneous con- 
ception that all the operating expenses of the factory can be divided 
into two classes, productive and non-productive, the first including 
all useful work on the manufactures to be sold later, and the sec- 
ond all waste, a dead loss to the organization. The logical develop- 
ment of the theory teaches that the ratio of non-productive to pro- 
ductive expense should be kept as low as possible; the best manager 
is he whose expense ratio is the lowest; and increase of expense ratio 
by high-powered machinery, trained helpers to save the time of skilled 
workers, and liberal outlay for good tools and their upkeep, causes 
loss. The absurdity of the conclusion and therefore of the premise, 
is evident.. No legitimate expense is truly non-productive and some 
other definition: must be found for the expense burden in order to 
indicate its true significance. 

4 Every task performed in a shop under good management is 
directed toward accomplishing quickly and cheaply some definite 
and useful end. The purposes served by the various details of the 
work differ widely. Some of the tasks are performed directly on 
particular pieces of the factory product and are properly called 
direct. Others, no less productive are on miscellaneous lots of pieces, 
like cleaning castings in the foundry; or on several dissimilar pieces 
at once, as in operating a group of automatic machines. Others have 
no direct contact with factory product, as in repairing belts, operat- 
ing cranes and sweeping floors. All of those tasks which cannot be 
conveniently split up, measured into portions and charged direct to 
particular pieces of factory product are properly described as indirect. 

5 The ratio of indirect to direct expense is no indication of the 
efficiency of the management, except as between two precisely sim- 
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ilar operations. In fact, a high ratio of direct to indirect may indi- 
cate extreme inefficiency, exactly the opposite of the accepted belief, 
and this under widely differing conditions; for instance, with a badly 
managed shop where every man charges his full time direct to a pro- 
duct, and runs his own errands or serves as his neighbor’s helper on 
occasion; or, on the other hand, with a factory equipped with auto- 
matic machines under the care of skilled men whose time is charged 
direct to the cost of product. 

6 Experience gained in connection with the cost accounts of fac- 
tories and shops covering a wide range of manufactures shows ratios 
of indirect to direct varying from 20 to 150 per cent; and even higher 
percentages would not necessarily be surprising or discreditable to 
the management. The introduction of scientific management always 
increases the ratio of indirect to direct expense, and yet de- 
creases gross cost as well as prime or direct cost. In fact, as be- 
tween a shop under the best methods of twenty years ago and the 
best modern practice, prime costs afford no possible basis of useful 
comparison. High indirect and low direct costs are to be expected 
with modern equipment, even without scientific management. 
Heavy cuts by a powerful machine tool in charge of an efficient semi- 
skilled man at usual day wages often involve an operating cost of 
$1 per hour for the machine (an item of the expense account), against 
a direct wages cost of 30 cents for the man, a ratio of 330 per cent. 
Whenever, as in this case, the direct cost is a mere fraction of the ex- 
pense burden, to keep accurate costs of the labor and materia! items 
only is nothing less than absurd. 

7 Scientific management, while increasing the ratio of indirect 
to direct expense, decreases direct expense in greater proportion. The 
net saving cannot therefore be ascertained except by accurate knowl- 
edge of the details of each class of expense. This knowledge must be 
continuous, always at hand for instant use. The works manager 
cannot wait twelve months for an annual audit to show whether a 
new planning department has saved its cost, or increased operating 
expense has been followed by a greater increase in value of output. 
The engineer who is trying to persuade a superior officer in the finan- 
cial department to authorize the purchase of newer equipment or 
the increase of the supervisory force will appreciate the advantages 
of accounting methods by which the exact results of changes in ways 
of doing work may be demonstrated through the factory accounts. 
In every factory, the exact result of each new task-setting operation, 
change in method, and improvement in equipment, not only in regard 
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to the wages and supplies of today, but also with respect to the oper- 
ating expense accounts of the month and the fixed charges of the year, 
should be known in detail and at once. These requirements can be 
met only by a clear and comprehensive analysis of the true incidence 
of the fixed charges, and of the indirect details of operating expense, 
followed by the introduction of methods by which each item of fac- 
tory product may be charged with that proportion of the indirect 
expense which corresponds to the cost of maintaining the shop facil- 
ities used in performing the manufacturing operations upon that 
item. The same degree of precision obtained in charging to the cost 
of work the direct expense for material and labor, should be reached 
in charging the large and important indirect expense. 

8 The part of the engineer in developing the scheme of correct 
distribution of burden is much more than mere scientific interest in 
the work of some outside accountant. 

9 The first step in the solution of the problem is to analyze the 
data and conditions. Of the items which go to make up indirect 
expense or factory burden, some of them are observed to have a very 
clear incidence upon definite points within the factory. Consider 
the annual interest on the value of a factory building. Surely it will 
not rise with an increase in wages or cost of material; nor with an 
increase in output; nor does it concern anything which takes place in 
some other building. The building is there to serve a useful purpose; 
and whatever benefits by that purpose should pay its share toward 
the interest on the cost of the building. The purpose is evidently 
the housing of machines and their operators, each of which machines 
forms a unit in the productive scheme of the factory. Let the build- 
ing be divided accordingly (by imaginary lines) into productive units, 
and require each to earn the interest on that part of the whole build- 
ing which is occupied by the equipment, operator and work in pro- 
gress, of the unit. 

10 Once attacked from this point, the problem of a correct dis- 
tribution of expense burden becomes easy of solution. The first 
step in the process is to obtain a schedule of annual fixed and operat- 
ing expense. This includes the reserves for interest and depreciation, 
taxes, insurance and other fixed charges, a reasonable allowance for 
the expected average repairs, and the expense for supervision, smal! 
tool upkeep and power cost. Each of these charges is to be split up 
and apportioned among the particular productive units to which it 
belongs, the total to be carried as an element of the cost of that part 
of the factory product which passes through that particular produc- 
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tive unit during the year. The incidence of each detail of the burden 
being clearly on the productive unit, which comprises equipment, 
accessories and a portion of the building and land, the whole of the 
annual charge has as direct an incidence on the work passing through 
the production center in the year as the wages of the operator on the 
equipment of the center. The labor cost is the amount paid the 
operator, on day, hour, piece, premium, bonus or whatever system 
is used. The equipment cost is a suitable fraction of the annual 
burden. As most of the burden elements (interest, taxes, etc.) have 
a time factor, it is convenient to reduce the annual charge to an hourly 
rate, and to make the charges to cost of work on the same time units 
that are provided by the work records of the operatives. 


TABLE 1 SCHEDULE OF EXPENSE’ 


Interest on Land and Building. .$50.00 Interest on Equipment 5 

Depreciation 2} % on $1000 per cent on half 
Valuation ' new value 

Taxes 1% on $1000 , Depreciation per 

Insurance, per year.............. 5. schedule 

Heat and Light, Share of this Taxes 1% onassess- 
Building 

Building repairs estimated at.... 


Total Building Charge.$165 .00 Total to Distribute 
to Equipment. $649.25 


11 In the practical application of this fundamentaily correct 
system of apportioning expense burden, several interesting and illum- 
inating conceptions have been brought out. The labor of calcula- 
tion is reduced by following a standard procedure, commencing 
with the schedule of expense, Table 1. The items belonging to the 
land are first grouped, and divided by the square feet of occupied 
land to obtain a land factor in dollars per year per square foot of 
land. Next, the portion of land belonging to each building is tabu- 
lated, and the area of each portion in square feet is multiplied by the 
land factor to give the total land charge for each building. This 
forms the first element of burden for the building. The interest, 
taxes and insurance are calculated on the book value of the building; 
the annual cost of heat and light are computed and the items totaled 
to obtain the annual building factor, and divided by the floor area 


‘A unit value of $1000 for land and building and a new cost of $6620 for equipment are taken 
as a basis for these estimates. 
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of the building to give the square foot factor. The next step is a 
map or diagram showing each production center with its working 
floor space, including in the list of centers erecting floor spaces, 
benches, and all equipment on which men are employed or operations 
performed on factory product. ‘The centers are then to be tabulated 
in order by departments as in Table 2, with the appraised value and 
square feet of floor space occupied by each. Multiplying the latter 
by the square foot factor, the total building factor of each productive 
unit is obtained. 

12 Accessory equipment goes with the producing machine of each 
production center, that is, shafting, belts, all or a share of a motor, 
small tool equipment, and the like. The value of such equipment is 
generally much less than the value of the principal machine, so that 
absolute accuracy in apportioning accessories is not essential. If the 
value is very small, it may be divided among the units in proportion 
to the value of their producing machines; if large, shafting and belts 
may be apportioned to the units on the basis of the floor space occu- 
pied by each, motors driving groups on the basis of the working 
horsepower-hours of each productive unit, and small tools by judg- 
ment. If the greatest accuracy is desired, the accessories may be 
treated separately and each one measured, appraised and assigned 
to the productive units accordingly. 

13 The remaining calculations are carried out for each unit inde- 
pendently, including the value of the accessories with that of the 
main machine. A depreciation rate is set for each unit, or class of 
machines, and the corresponding annual charge is computed. Inter- 
est on the value of the machine, taxes and insurance are also provided 
for. All these are definite quantities, not open to argument. There 
remain certain items not as definite: power cost, repairs, general labor, 
factory supplies and (in a machine shop) cost of tools, each of which 
requires special treatment. Power, if it could be metered separately 
to each productive unit, would become a direct charge; but as this 
is impracticable, and the power cost is not of the greatest magnitude, 
a reasonable approximation can be made by estimating the average 
power consumption, the average running time, and so the average 
annual horsepower-hours of each unit, and multiplying by the cost of 
a horsepower-hour to obtain the power factor of the burden charge. 
Supplies and general labor are best divided by estimate and judgment. 
Repairs to the individual units cannot possibly be foretold; but the 
average total repair cost of the plant, or even of the several depart- 
ments of the plant, can be estimated with some degree of precision, 
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and distributed to the productive units in any of several ways. Per- 
haps the most practicable is to set by estimate figures representing 
the probable proportion of repairs likely to be required by each kind 
of machines, placing 1 opposite the machine likely to require the 
least expense for upkeep, 2 for those machines likely to require 
twice as much expense, and soon. By adding these figures for a de- 
nominator and using each figure separately for a numerator, the total 
estimate for repairs can be divided up among the several units. There 
is no advantage for cost-keeping purposes in attempting to charge the 
actual cost of repairs into the operating expense of each unit. In 
repairs for lightning and the like, which generally strikes without 
warning, there is no reason why the expense burden and therefore 
the cost of work done by one of several similar machines should be 
temporarily increased merely because that machine suffered breakage 
and was repaired at this particular time. Standard power and repair 
costs are a great help in rational cost-keeping, since they minimize 
fluctuations in cost not due to difference in management. By opening 
separate repair accounts, charging these accounts with actual cost, 
with all its momentary variations, and crediting the standard esti- 
mates, the varying balances tell an interesting story of the work of 
the repair gang, and keep the fluctuating costs of repairs from exerting 
a disturbing influence on the cost of product. A power-plant account 
similarly operated is also very useful. 

14 The tabulation now includes subdivisions of all the expenses 
which go to make up the factory burden, up to the point at which the 
completed goods leave the factory, but exclusive of the administra- 
tive expense. If the total burden chargeable to each unit is divided 
by the respective annual working hours of the units running full time, 
an hourly rate for each productive unit will be obtained, which if 
applied to the cost of the work done by each unit, will in a normal 
year of full working time accumulate a credit which will balance the 
shop expense burden. There are, however, many lost hours in the 
course of the working year and such losses reduce the credit which 
is to stand against the annual shop burden, and tend to produce a 
deficit. Short time may be due to any of three causes, each of which 
gives to the resulting deficit a different significance. In the ordinary 
operation of a factory, time is lost by the productive units through 
illness of operatives, changes in the force, breakages and repairs, and 
lack of capacity in other units. Obviously, a deficit in the credit 
against burden due to losses of this character is a manufacturing ex- 
pense, and should be distributed to the cost of work. 
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15 Lost working time, however, may be due to sales department 
conditions, as when machinery is installed for the manufacture of 
goods which have a seasonable demand, so that they can be sold dur- 
ing only part of the calendar year. A deficit due to lost time of this 
character is selling expense, and not part of manufacturing cost. 
In such a case, the sales department undertakes to earn through 
profit on the sales, the necessary amount to pay for the use of the 
capital invested in the equipment over the period of idleness. The 
manufacturing cost cannot be increased merely because consumption 
ceases after a time, so that the machines have to be stopped. If 
it costs $1000 to operate equipment for three months, and another 
$1000 for the following three months, it is not to be supposed that it 
costs $2000 to operate for the first three months only. Factory 
product can be made continuously, stocked up during an idle period, 
and sold at the proper time; if such a course is inadvisable, by reason 
of tying up capital, or loss of interest on the money represented by 
stored goods, or risks taken, the expense of intermittent operation 
falls outside of the manufacturing account. Admittedly, someone 
must pay the fixed charges for each period of idleness; but the party 
liable in cases of the kind supposed, is not the works manager, who 
would be glad to operate continuously, but the selling division of the 
organization, which must take the consequences of sales conditions. 
Correct accounting practice will not justify the distribution of selling 
expense to goods before they are sold; wherefore, manufactured goods 
should not. be placed in stock with a burden allowance which includes 
selling expense, though it is quite proper to include all other items of 
burden. 

16 The third possibility of the deficit due to lost time is that it is 
a consequence of bad trade conditions. Lost time of this character 
is neither manufacturing nor selling expense, but a business loss which 
should be made up out of the profits of good years. Conservative 
management accumulates a surplus to give stability to the rate of 
distribution to the stockholders, by reserving a portion of the earnings 
of good years to be used in maintaining dividends in times of depres- 
sion. With correct methods in distributing factory burden, the loss 
due to short time operation, usually buried out of sight among other 
expenses which have no relation to running time, is clearly shown, 
so that an appropriation may be made from the surplus account to 
carry the deficit of poor years by the extra earnings of good years 

17 The divisor used on the annual burden of each unit should 
therefore be less than the full annual shop hours, at least by a suit- 
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able allowance for holidays and other lost time. In the case of a 
large special machine for which there is work only part of the time, 
the expected working hours only should be used as a divisor, for such 
a unit, to be profitable, must earn its annual charges in the running 
time which can be given it. Whenever conditions change so that 
such a unit can be operated a larger proportion of the time, the hourly 
charge should be correspondingly reduced. 

18 There remain some items like salaries and office expense, the 
incidence of which cannot be traced to definite productive units. 
This class of expenses, however, is incident to the operation of the 
factory as a whole. The larger productive units, with their greater 
capital value and heavier operating expense, involve a greater tax 
on the management and administration than the smaller units. The 
burden charges belonging to the units provide a very fair measure 
of the responsibility of the management in connection with each, and 
serve well as a basis of distribution of the overhead charges. It is 
proper, therefore, to express the overhead expense total as a per- 
centage of the total burden distributed to all the productive centers 
togéther, and to raise the hourly rate of each unit by the same per- 
centage. Thus, if $100,000 is distributed to centers, and there is an 
undistributed overhead of $10,000, the rates can be raised 10 per cent, 
which will provide for carrying the whole $110,000. 

19 Each productive unit of the factory is thus valued at an hourly 
rate which is to be charged in the cost of each operation performed by 
the unit. The total cost of an operation accordingly consists of a 
labor charge and an equipment charge. The basis of each machine 
rate is a careful investigation of the operating costs of the particular 
machine, so that the rates set are in accordance with the facts in each 
case. Whatever fluctuations there may be in operating expense are 
likely to balance each other above and below the calculated charges. 
But as there will be some variation in any event, it is permissible to 
obtain the advantage of easy calculation by equalizing the machine 
rates into two, three or more round figures, each covering productive 
units whose exact rates fall near together. On the job-tickets by 
which the time or piece price of the labor is computed, a space should 
be provided for the burden figure, so that the completed job-tickets 
will give both elements of the cost. Any change in methods or men 
will now indicate its complete result by a comparison of the job- 
tickets for the same work done under former and present conditions. 

20 The accounting detail of the expense burden distribution is 
simple and effective. A burden distribution account is opened, to 
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which is charged the calculated amounts of Table 1. The account 
is credited with the total of burden charges to cost of work, by 
weekly or monthly periods. The balance indicates the loss by 
failure to utilize the full capacity of the factory; while a credit bal- 
ance, if one should occur, indicates a condition of unexpectedly good 
management, or good luck, by which the factory has worked to better 
advantage than was believed probable. A standardizing account of 
this kind is very useful to the management. All the variable expense 
accounts can, if desired, be handled as suggested for power and re- 
pairs, so that uniform credits offset the varying debits, and the bal- 
ances afford gages for the efficiency of the control of the departments 
originating the accounts. 

21 A constantly increasing balance in one of the expense accounts 
will occur if there has been a permanent change in policy with respect 
to this item. In such a case, it will be necessary to change the equip- 
ment rates affected by this change. While it is not at all difficult 
to go over a column of the tabulation and revise the figures, it will 
generally be sufficient to change the rates by proportion, enough to 
absorb the difference. But it is not necessary to distribute all the 
burden by machine rates. The overhead of salaries and office ex- 
pense, the cost of storage and handling, and, if desired, any small dif- 
ference in burden actual and distributed, may be distributed as a rate 
per pound on a homogeneous product, or as a rate per order if orders 
are all of the same size, or as a percentage of gross cost, if that seems 
the most reasonable method. In every factory, careful analysis of 
the facts will point out the true incidence of expense due to factory 
operation, or factory product as a whole, rather than individual pro- 
duction centers. 

22 A valuable result of localizing variations in expense burden 
is stability in the cost of the manufactured product. Because a re- 
pair force is discharged to save expense, and everything is allowed to 
fall into bad order, is no reason why the cost of goods made during 
the period should appear to decrease. The management is in effect 
borrowing, part of the cost from the stored energy of the organization, 
or discounting the future. All fluctuations not directly due to a 
change in manufacturing methods are objectionable if carried into 
cost of product. Where the cost of similar articles varies uncertainly 
from day to day, each fluctuation is likely to have a different cause, 
much time is taken in searching for the causes, and incorrect conclu- 
sions are often drawn, or it is assumed that some unknown and unusual 
condition is responsible, and the attempt to trace the cause is given 
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up. Increased labor cost is easily discernible and can be traced di- 
rectly to its origin. Variations of material cost are quite as easy to 
explain; but where burden charges vary with labor charges, under the 
old percentage or hourly rate methods, a change in cost of labor in- 
volves a totally unrelated change in the burden charge, and no clear 
conclusion can be drawn. 

23 Exact calculations are at the base of all well-planned engineer- 
ing work. Exact uniform methods of cost calculation should be at 
the base of all factory accounting systems. Wherever associations 
of manufacturers operating on similar work have investigated the 
cost-keeping methods of the various factories, the investigators have 
been surprised to note the wide variation between the apparent or 
book cost of the same products, made under the same conditions, 
but figured in different ways. The inevitable result is that some fac- 
tories bid for work below cost, and thereby injure the business chances 
of all. The remedy is not the maintenance of unduly high prices by 
agreement, thereby inviting competition from every outside shop; 
but an exact analysis and apportionment of the expense burden in 
such'a way that each item of factory work will be properly charged 
for the use of that portion of the shop equipment and facilities which 
is devoted to it, and the true margin of profit between cost and selling 
price will be clearly apparent. 








THE DEVELOPMENT OF THE TEXTILE IN- 
DUSTRIES OF THE UNITED STATES 
A GENERAL STATEMENT OF PRESENT CONDITIONS 


By Frank W. REYNOLDS 
ABSTRACT OF PAPER 


The great development of the textile industries has led to a great concentra- 
ion of engineering skill upon construction, power, machinery, and general 
lant arrangement, and the general efficiency of modern mills is high. There 

e, however, many unsolved problems and many difficulties the solution of 
hich seems to depend largely upon the mechanical engineer. Automatic 
hachinery has been developed largely in order to cut down labor cost, but in 
pite of these changes in machinery the producing capacity of 100,000 sq. ft. 

mill surface has not appreciably increased within the past 40 years. Many 
achines and many processes cry out for improvements which have not yet 

bstantially advanced in spite of many years of experimenting. Maximum 
bssible speed of operation seems to have been reached in most machines, with 

e exception of the spinning machine. The situation suggests that large 
crease in producing capacity may have to be sought in the more or less com- 

ete abandonment of the traditional methods of manipulating textile fibers. 
he labor problem is in many cases serious, owing to the poor quality of opera- 

es. Measures are suggested to meet this situation. 





THE DEVELOPMENT OF THE TEXTILE 
INDUSTRIES OF THE UNITED STATES 


A GENERAL STATEMENT OF PRESENT CONDITIONS 
By Frank W. Reyno.ps,' Boston, Mass. 
Non-Member 
The importance of the textile industry in a country which, like 
the United States, now manufactures all the woven fabrics really 
necessary for the clothing of all its people, hardly needs to be argued. 


Yet in the case of our own country progress in the textile industry 
has been so rapid, and its development has had such a vital relation 


to other industries, that some statistical evidence of its great place 


may serve as an inspiration to the men, mainly the mechanical engi- 
hecrs, who are responsible for its continued progress and increasing 
pfiiciency. Owing to the fact that the figures from the census of 
1910 are not yet available as a complete survey of the textile indus- 
ries, it is necessary to cite here the figures of the census of 1900; 
but it should be noted that these figures do not adequately suggest 
he great expansion in the textile industries that has taken place 
ince the enactment of the tariff law of 1897. Some later figures 

e indeed available, but even with the old figures it is possible to 
lage quite accurately the present position of textile manufacturers. 
he statistics which follow cover only the cotton, the woolen, and 
he silk industries, in what the census reports term the “proper” 
pnse of those words, namely, the production of fabrics either ready 
D wear, or ready for the dyeing and finishing processes which pre- 
bde the conversion of certain cloths into made-up clothing. 
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TABLE 1 VALUE OF DOMESTIC PRODUCTS, EXPORTS, IMPORTS FOR CONSUMP 
TION, AND TOTAL CONSUMPTION OF TEXTILES, WITH PER CENT 0! 
IMPORTS TO TOTAL CONSUMPTION, FOR THE UNITED STATES, 1900 


Per Cent o 
Total Con- Imports t 
sumption Total Con 
sumption 


Domestic Imports for 
Exports Consump- Consump- 
tion tion 


Value of Domestic 
Products 


$743,447,062, $25,556,057 | $717,891,005 $82,214,010 $800, 105,015 10.3 





Cotton manu- 
factures....... 339,200,320 24,003,087 315,197,233 39,789,989 354,987,222 

Wool manufac- 
296,990,484 1,300,362 295,690,122 15,620,487 311,310,609 


107,256,258 252,608 107,003,650 26,808,534 133,807,184 


TABLE 2 COTTON SPINDLES IN THE WORLD IN THOUSANDS, 1500 


Great Britain 46,000 
Continent of Europe......... 33,000 
United States 19,008 


Canada 
30 nS ie ky eet ig eee on a his 


TABLE 3 VALUE OF SILK PRODUCTS OF EUROPE AND THE 
UNITED STATES, 1900 


Value of Per Cent of 
Countries Products Products 


France 

United States 
Germany 
Switzerland 
Russia (in Europe) 
Austria 
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TABLE 4 COMPARATIVE SUMMARY, BY INDUSTRIES FOR THE UNITED STATES 








$4 Wace-Earners 
Industries Yi s Z Z Capital = ne er Value of 
ndaus ear 5 4 : ap & 3 — . 8 Readiete 
5 EE Total Wages ° 
<2 










Combined Textiles 1900 4312 $1,042,997,577 661,451 $209,022,447 $521,345,200 $931,494,566 





Cotton manufacture 


Cotton goods....... 1900 973 460,842,772 297,929 85,126,310 173,441,390 332,806,156 
Cotton small wares | 1900 82 6,397,385 | 4,932 1,563,442 3,110,137 6,394,164 
Wool manufacture..... 1900 1414 310,179,749 159,108 57,933,817 181,159,127 296,990,484 


Silk manufacture..... 1900 483 81,082,201 65,416 20,982,194 62,406,665 107,256,258 
Hosiery and knit 




















Iv sinslicatinoieiset 1900 921 81,860,604 83,387 24,358,627 51,071,859 95,482,566 
Flax, hemp and jute.. 1900 141 41,991,762 20,903 6,331,741 32,197,885 47,601,607 
Dyeing and finishing 

a ee 1900 298 60,643,104 29,776 12,726,316 17,958,137 44,963,331 


Combined textiles....| 1890 | 4276 767,705,310 517,237 168,488,982 $447,546,540 759,262,283 





TABLE § COMPARATIVE SUMMARY, NOT INCLUDING FLAX, HEMP AND JUTE, 
‘ WITH PER CENT OF INCREASE FOR THE UNITED STATES, 1900 


Per Cent of 
Increase 





Number of establishments......... 











ee ae ee 4,171 1.4 
‘1 Al Spit rm a A Rs a ete $1,001,005,815 35.3 
Wage earners, average number..................... 640,548 27.7 
SE ihith +o soutsk rite cou snk cone Weaver eens 202,690,706 23.9 
Cost of materials used................. ete Jay 489,147,315 16.1 
PO NRG isk ndssdeds cb autiieadecnieda ws 883,892,959 22.4 








2 Even the statistics of a decade ago are impressive evidence of 
the enormous strides made by the textile industries in this country 
during the last century. At the beginning of the nineteenth century 
the textile industries were represented by spinning mills for cotton 
yarn, by wool-carding factories, and fulling mills, in which cloth 
woven on hand looms in the households of the country was dressed 
and prepared for sale. It was not until 1814, less than a hundred 
years ago, that the first broad power loom for cotton goods was worked 
out by Francis C. Lowell, of Boston, and put in operation at the new 
plant at Waltham. From that time, progress was rapid, and inthe 
cotton industry particularly almost numberless improvements in 
machinery were made during the next decade. The actual complete 
establishment of the cotton industry in this country as a factory 
industry depending wholly upon power-driven machinery dates 
from the establishment of the Middlesex Mills at Lowell in 1823. 
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It was a year or two after this that the first broad power looms were 
introduced into wool manufacture. The history of our textile devel- 
opment since that time is too intricate to be summarized in this 
paper. It must be sufficient to note that now the United States is 
the second greatest producer in the world, not only of cotton and 
woolen cloths but of silk; while the use of linen for carpet yarns and 
thread, and for towels and towelling has reached large proportions. 
Besides the textile industries ‘‘proper,”’ there are also a great multi- 
tude of small factories engaged in the production of textile special- 
ties. 
PRESENT CONDITIONS AND PROBLEMS 


3 The textile manufacture, probably to a greater extent than 
any other industry in the country, has tended to a complexity, both: 
mechanical and operating, that is rather exceptional. This has bee: 
the result of two main factors: the first being the peculiar condition: 
imposed by the character of our most used natural fiber, cotton; 
and further by the constant necessity for a progressive decrease in 
the labor expense of cotton manufacture. The cotton industry has 
been shaped, as no other industry has, by the peculiar limitations 
found in the raw material itself. The necessity for a humid air in 
cotton factories, both to affect the physical condition of the fiber, 
and to prevent the mischief caused by electricity in the fibers 
during manufacture, is a requirement of great importance, and one 
that has not even yet been satisfactorily met. The character of the 
cotton fiber also, whether well or ill moistened, imposes certain limi- 
tations upon the speed of the machinery handling it. On this side, 
the speed at which roving is now handled seems to have reached the 
practicable maximum, and the same thing is true of looms. In 
the spinning frame, however, it has been shown that the cotton fiber 
will stand a more rapid handling than it now receives. 

4 Added to these influences from the phyiscal limitations of 
the cotton fiber itself, the cotton industry has had to face another 
rather peculiar series of problems in the cost of labor. The auto- 
matic machinery of today represents the constant effort to cut down 
the labor cost of production, this labor cost bearing a rather higher 
proportion to the total production cost in the cotton industry than 
in most others. Another labor problem has arisen through the 
changes that have taken place in the available labor supply. ‘The 
disappearance of the native American labor of the middle of the last 
century has been followed by a greatly varied succession of |: bor 
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elements, until the industry in many places depends upon a class of 
alien operatives whose habits and standards are not by any means 
verfectly adapted to the most profitable manufacture. These latter 
roblems, of course, emphasize the desirability of more completely 
\utomatic machinery, while they also impose new requirements in 
actory organization and administration. 

5 The textile establishments of today, owing to the intricacy 
nd importance of conditions, some of which have just been noted, 

re making full use of the best engineering skill in the design, con- 
truction, arrangement and equipment of plants. Many well informed 
nd practical men whose work has been wholly devoted to the tex- 
‘ile manufacture, have studied with great care the problems involved, 
«nd have made the solving of them their whole aim. The result is 
« highly specialized work, whose principles have become well under- 
stood and applied in all of the structural and mechanical features of 
ie later new plants, and in the reconstruction of the older plants. 
Advantage has been taken of all new forms of construction wherever 
yracticahle, improved machinery for manufacturing and for power 
) urposes has been installed tothe fullest extent, and in many instances 
the initial trials of new forms of mechanical and electrical improve- 
ments have been made in textile mills. We find in these modern 
plants, buildings of either slow-burning construction or of reinforced 
concrete, equipped with the most modern systems of power trans- 
mission, of fire protection, electric lighting, humidifying apparatus, 
and the latest type of manufacturing machinery of both domestic 
and foreign design. 

6 In spite of the great accomplishment already achieved, how- 
ever, there still remain unsolved problems, and other problems of 
many kinds in which the cotton industry has so far only approxi- 
mately reached a satisfactory position. These problems are in the 
main such as it is the proper function of the mechanical engineer to 
solve, and therefore today, as in the early period of the cotton indus- 
try, the mill calls upon the machine designer and the machine shop 
for better tools and better methods. 

7 It is to be borne in mind that textile mills in common with 
other industrial plants are built for a specific purpose, which is to 
produce an income for the owners. All engineering problems in 
connection with them must be subject to this condition. It would 
seein very impractical, to say the least, to erect a building or to pur- 
chase machinery for that building which would be so expensive that 
the profit would be diminished because of the interest on unneces- 
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sary expenditure. The managers and designers of textile plants of 
all kinds must bear in mind that the productive power of machinery 
equipment, whether for the manufacturing process, for power, light, 
heat or other departments must not be so great that a proper return 
upon the investment is not possible. 

8 It will be found upon investigation that the power plants of 
textile mills are as a rule especially economical and that advantage 
has been taken of nearly every labor-saving device and of the most 
approved machinery which can be obtained. At the same time 
managers of these plants have endeavored not to spend money 
which will not show a reasonable return, and it should be the aim of 
all engineers who approach the problems to be solved in connection 
with this industry, that while the most efficient machines and pro- 
cesses are desired, the cost of the installations of machinery neces- 
sary to produce such results must be kept at a figure which is not 
prohibitive. 

9 The arrangement of the buildings of the plant is one of the 
most important features to be considered. Much unnecessary labor 
is often expended because. of the poor arrangement of buildings form- 
ing different parts of a group, and the equally poor arrangement of 
the machinery within the buildings. It must be borne in mind that 
the least number of motions and the shortest distances to be traveled 
play some of the most important parts in economy of production. 
Whether buildings should be one or more stories high or of a greater 
or less width will be determined by a consideration of these points. 
A brief survey of present conditions and needs may be helpful. 


CONSTRUCTION 


10 Nearly every engineer is familiar with what is known as the 
slow-burning type of mill construction. It was first brought out by 
some of the early designers of cotton mills, and has since been used in 
some form or other in nearly every other type of industrial plant. 
For many years this form of construction, with slight variations, has 
been successfully used and has been regarded as sufficient for the 
needs of the industry. It has developed however, that a better form 
of construction is available and to this form of construction atten- 
tion is called in this paper. 

11 Rigid, non-vibrating mill buildings are one of the immediately 
desirable things. The slow-burning mill construction has great 
virtues, but rigidity is not one of its possessions. Rigidity has been 
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found to produce marked economies in the maintenance of textile 
machinery, as well as machinery of many other types, and for this 
reason alone the modern type of reinforced concrete construction 
has proved itself highly desirable. The friction between concrete 
floors and machine bases is so great that with much fewer bolts than 
are required on a wooden floor, machinery can be so securely anchored 
that it will not walk out of its proper position. In consequence, 
shafting and machines keep in better alignment, there is less wear 
and tear on the machines themselves, and the cost and bother of 
repair are greatly diminished. Simple and effective ways of attaching 
shafting and motors to concrete beams have been devised, so that 
from the point of view of machinery installation and maintenance 
the rigid-frame mill building of reinforced concrete has proved itself 
superior to any other type. The cost of reinforced concrete is some- 
what greater than that of mill construction, as a general thing; but 
there often exist in some localities special conditions in which con- 
crete is as cheap or cheaper than mill construction. Against its usu- 
ally higher cost there may properly be set its indestructibility by fire. 
The concrete building not only does not burn, but if properly built, 
it is so little harmed even by a serious fire that it can be equipped 
with new machinery and put in operation again in a very small part 
of the time needed to replace a damaged mill-construction building. 
There is a species of fire loss, the interruption of production, for which 
insurance is often an inadequate compensation; the concrete mill 
building practically eliminates this loss. 

12 Another valuable advantage of the concrete mill building is 
that it allows a much greater window space than is possible with 
anything else but steel construction, which latter, if effectively fire- 
proofed, is much more costly than concrete. A concrete building 
can have as much as 80 per cent of its outer wall area devoted to 
lighting, as against a maximum of about 50 per cent in mill construc- 
tion. Existing provisions for the escape of operatives in case of fire 
in cotton mills are on the whole exceedingly inadequate. Most mills 
are equipped, in addition to stairways with the familiar type of out- 
side fire escape consisting of galleries or balconies for each story, with 
ladders from the top of the series to the ground. The actual oper- 
ation of this type of escape is that the population of a big workroom 
is, in case of fire, crowded upon a series of outside balconies from 
which movement to the ground is excessively slow under the best 
of conditions; and in case of a fire panic, is but little less dangerous 
than the fire within the wall. If a fire occurs in a lower floor of 
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the mill, it breaks from the windows of that level and the ascending 
smoke and flames instantly render useless the whole tier of fire-escape 
balconies above. It would seem that nothing more faulty in prin- 
ciple, or imperfect in execution, could well be imagined, and it is a 
fair cause for astonishment that these contrivances should for many 
years have been accepted by engineers. 

13. The proper and only adequate device in the way of a fire 
escape is the isolated staircase tower. It is doubtful if the building 
of such towers in adequate number would at all seriously increase 
the construction cost of cotton factories. It is evident that only the 
isolated stair tower can be a real fire escape, and it would seem to b« 
equally evident that this type of safeguard should be provided for 
in every new mill, and that every effort should be made to provid 
for it in existing buildings. It may be objected that disastrous fire- 
in textile mills are comparatively rare, and this is indeed true. This 
objection, however, is beside the point. Mills several stories high 
cannot be built utterly without fire escapes, and if the necessity of 
some form of fire escape is once admitted the argument for putting 
in a really efficient device is a strong one. 


POWER 


14 The changing conditions of power production and transmis- 
sion have from the earliest days of the cotton industry had the most 
potent influence in shaping the material and conduct of the whole 
industry. The first effect was in forcing the location and even the 
shape of mill buildings to a large extent to suit the possibilities of 
the land lying in immediate contact with water privileges. As a 
result of building the old mills as close as possible to the water- 
wheel which gave them power, mills were made high and narrow and 
often built on curves which not a little embarrassed the mechanical 
transmission of power; and groups of buildings were strung out in 
a long line, or arranged in other peculiar groupings which the prac- 
tice of today recognizes as unsuitable for effective power transmis- 
sion, or for the careful arrangement of the sequence of processes, so 
important in the economy of the modern textile mill. 

15 Aside from these direct effects on the type of textile mill 
construction, the power element has had other large effects which it 
is perhaps not easy to separate under distinct headings, though the 
results form together a series of complications which are familiar 
to every mill man. The changing conditions of power transmission 
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have had much to do with the grouping of machines of the same type 
within the mill, and even the machitiery layout of the whole plant. 
The earlier systems also had much to do with accidents to operatives. 

16 The modern use of electrical drive, either on the group system 
or by individual motors, dating from its first general employment 
in the Columbia Duck Mills in 1893, has had a revolutionary effect 
on many aspects of the cotton industry. It removed, at the outset, 
the former supposed necessity for building mills in immediate con- 
tact with water powers, and therefore permitted the arrangement of 
the different buildings of a plant to satisfy the requirements of speed 
and economy in the routing of material and product. With the 
modern electrical transmission line, mills may be built miles from the 
power generating station, in places where the supply of labor, of 
building materials, or of transportation facilities make it most advan- 
tageous to locate the plant. For situations of this generai type, 
where power must be developed at water sites which do not offer 
the other conditions required for a mill, electric driving may hardly 
be disputed as the best form of power. 

17 In other situations, however, particularly where power has 
to be obtained from steam, it is still a matter of debate among engi- 
neers as to whether electrical transmission or mechanical is the more 
efficient and economical. The writer believes that when power can be 
taken from the flywheel of the engine by a short, direct drive to the 
head shafts of the mill, such form of transmission is preferable to 
electrical drive. But whenever there is a scattered group of mills 
and especially where transmission shafting has to make angles, elec- 
trical transmission is decidedly the more desirable. The differences 
of opinion as to these two forms of power transmission are due in 
large part to the fact that, although the transmission losses are greater 
with electrical transmission than with mechanical, the motor-driven 
machine gains certain other things which make the equation more 
than the simple matter of comparing transmission losses; for example, 
the group system of motor drive in which losses are slightly greater 
than with mechanical transmission. 

18 As usually arranged with mechanical drive, an average of 
about 72 or 74 per cent of the i.h.p. of the engine reaches the machine. 
With motors driving groups, about 65 to 70 per cent of the i.h.p. 
of the engine reaches the machine; while with the individual motor 
drive the similar efficiency will be from 70 to 75 per cent. 

19 The virtue of electrical transmission which largely counter- 
balances its lower efficiency is its continuous speed. The advantage 
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of the motor is most apparent in individually motor-driven machines, 
where speed is even because of the positive action of the motor. It 
is true that there is a drawback to the use of individual motors, and 
even of group driving motors, in the high cost of motors in compari- 
son with shafting. hut even with the losses of power already men- 
tioned, the advantages of the present type of motors will in many 
cases outweigh this excess of cost. The relatively low efficiency of 
the small motor seems to be the chief weakness of the individual 
drive so far as regards efficiency of power transmission. The small 
motor seems to offer an excellent field for improvement at the hands 
of the engineer. 

20 Shafting bearings that will largely reduce the friction losses, 
which are too great even with the modern ring-oiled babbitted bear- 
ings, deserve the earnest attention of mechanical engineers. The 
solution seems to lie either with roller or ball bearings, and it is 
possible that ball bearings, properly designed and constructed with 
extreme accuracy of measurement from the proper qualities of steel, 
may prove the best type. Roller bearings have in many cases 
proved very efficient but it would seem that the length of contact 
with the shafting which they involve makes them inherently more 
liable to derangement than are the ball bearings. Theoretically, at 
least, since a ball-bearing hanger involves only a single line of contact 
points, it would seem that a bearing of this type might be less liable 
to derangement, and would offer greater latitude of adjustment than 
a roller bearing. 

21 Where the ordinary type of shafting bearing is retained it is 
often possible to reduce friction losses as well as lubrication cost, by 
a more careful study of lubrication. Experience has shown that the 
necessary study and care of the cost differences between the best and 
merely ordinary methods on the common types of lineshafting, are 
more than repaid by the results. It should be obvious, however, that 
merely as a mechanical question the roller or ball bearing is greatly 
superior to any sort of sleeve contact. 

22 Two special problems under the head of power deserve more 
attention from engineers. The first of these problems, which is how 
coal or ashes can be handled more economically in a given situation, 
may seem a trifling matter; but the effect of bad arrangements in 
this particular has an easily visible effect on operating expense. 

23 The other problem is provided by the power situation in many 
New England mills where the water power has proved insufficient 
for expanding plants which now depend upon a combination of steam 























FRANK W. REYNOLDS 1585 


ind water power in which the latter, once the principal source, has 
ery often become the auxiliary. There is considerable opportunity 


or the engineer in the proper arrangement and economical design of 
uch combination power plants. 


MACHINERY 


24 With regard to the machinery concerned in the manufacture of 
‘he cotton fiber, it is rather noteworthy that the producing capacity 
of 100,000 sq. ft. of mill floor has not been materially increased within 
; number of years. There has been a large development in making 
11achines more automatic in their operation, with a consequent reduc- 
tion in the labor cost, but increased rapidity in the processes of manu- 
f..cture has been far less in evidence in the cotton than in many other 
iudustries. Apparently this situation is due to the fact that with the 
exception of spinning machines, cotton machinery of the existing 
types is already running at as high speeds as the nature of the 
fiber will allow. In the ring-spinning machine it seems fairly 
sure that when certain improved devices already in operation have 
been brought to perfection, spindles will run 15,000 r.p.m. where the 
maximum is now ordinarily about 9000 or 10,000. As the labor cost 
in the cotton industry has also been reduced less than in any other 
industry, it becomes a pertinent question for the mechanical engi- 
neer to consider whether the existing processes really represent sub- 
stantially the maximum possible speed at which the fiber can be hand- 
led. The writer does not wish to assert that radically new types 
would make possible a great increase in speed, but with the facts 
before us it may be reasonable to suggest the desirability of making 
a careful study of the chances for improvement by a departure from 
present types of machinery. While the fact is not proof that much 
better types of machinery are still possible, it is true, nevertheless, 
that the existing methods for the manipulation of the cotton fiber 
are those of tradition. The question that might well be considered 
is whether the pioneers in cotton processes, on which succeeding gen- 
erations have merely made piecemeal mechanical improvements, hit 
upon the only principles by which cotton can be successfully manu- 
factured; or whether, on the contrary, more rapid production can be 
attained by the adoption of some different methods of manipula- 
tion. If the principles of the present processes are to be considered 
a finality, it would seem_that the only possible gains will be small, 
and accomplished by making existing types of machinery more fully 
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automatic, and by training the necessary operatives to a condition 
of higher efficiency. There is some room for improvement in this 
latter direction when it is realized that the average producing output 
of textile machinery is about 85 per cent of the theoretical capacity 
of the machines, while some of the best mills have maintained an 
efficiency of well over 90 per cent. 

25 There is a chance to make considerable saving by the com- 
bination of some of the processes which are now performed sepa 
rately. As an example, it is possible to do away with the spooling 
machine, and a machine has already been designed for this purpose 
although it is not in general use in this country. Careful study woul 
probably show that this plan of concentration could be carried stil! 
further. 

26 The providing of satisfactory machinery for the manipulatioi 
of cotton waste is another problem the thorough solution of which 
would benefit both the machine manufacturer and the cotton mill. 


HUMIDITY AND TEMPERATURE 


27 One of the most important unsolved problems in the cotton 
manufacture is that of maintaining within mill buildings the temper- 
ature and humidity necessary for the most successful handling of 
the cotton fiber. The almost universal cooling off of the air of mills 
during the night and over holidays greatly reduces the absolute 
humidity in the cold season, even if it does not lower the relative 
humidity of the air. But a high relative humidity at a low tempera- 
ture does not put the fiber in the best condition for working. There 
is needed not only a certain absolute humidity, but in addition a 
temperature which allows the fiber to absorb the moisture in a way 
to bring it to its best condition. 

28 Most of the humidifiers now in use, those of the self-contained 
type, are essentially the same in principle as the primitive method 
of admitting steam through rose heads; they depend upon throwing a 
fine spray of vapor into the room, where it must be absorbed by the 
room air and diffused until it meets and affects the fiber under manip- 
ulation. The true principle would seem to require that heating 
and humidifying be combined, those two functions, and also that of 
ventilating, being performed by the same equipment. With the 
positive-pressure ar system of heating, temperature can be regulated 
automatically and a uniform temperature can be maintained. It 
seems evident that the best system for humidifying will be that in 
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which the entering current of air for heating and ventilating is also 
provided, before it enters the room, with the requisite degree of 
humidity. It is certainly as possible to secure automatic control of 
humidity in the entering supply, as automatic control of temperature. 
Such a system, while it might be difficult to reduce it at the outset 
to perfectly reliable action, is in principle much simpler than any sys- 
tem of numerous heads distributed throughout a room; and under 
adequate study and experiment it will probably turn out to be simpler 
also as a piece of mechanism. By such a system it should be easy to 
secure not only proper conditioning of the fiber itself, but also proper 
conditioning of the operatives, the latter being quite as important in 
the long run as the state of the fiber. 

29 The maintenance of a uniform temperature and humidity 
during all the non-working hours would greatly improve the condi- 
tion of the fiber. When, as is often the case, mills are allowed to 
cool down during the night, either as a result of mistaken notions of 
economy, or through the carelessness of watchmen, the cotton can- 
not be in the best condition for manipulation at the beginning of 
the Working hours. It must wait for its proper conditioning until 
the mill has slowly reached the temperature, and the air the proper 
humidity. There is also required in the heat of summer some ade- 


quate way of cooling the room air when the outside temperature is 
too high. Both results can best be obtained by combining the supply 
of moisture with the supply of hot or cool air as the case may be. 


REMOVAL OF LINT 


30 Another unsolved problem is some method of removing lint 
from machinery, motors, and wall, ceiling and belt surfaces that shall 
prevent soiled lint from damaging the quality and appearance of the 
product. In some mills this task is handled by having machines and 
surfaces continually wiped off with cloths, a method that is not 
entirely efficient, and undeniably costly. The practice of blowing 
lint from machines and surfaces with a blast of compressed air is 
familiar, and also unsatisfactory. The lint blown from the motors 
and from belts, walls and ceilings is in large part diffused again into 
the air, and tufts, often soiled, descend upon the cotton in process of 
manufacture and appear as more or less soiled lumps in the finished 
product. The air blast is also objectionable for the way in which it 
breaks or disturbs yarn or roving in the process of production. The 
lint evil is naturally most serious in the carding and weaving rooms. 
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automatic, and by training the necessary operatives to a condition 
of higher efficiency. There is some room for improvement in this 
latter direction when it is realized that the average producing output 
of textile machinery is about 85 per cent of the theoretical capacity 
of the machines, while some of the best mills have maintained an 
efficiency of well over 90 per cent. 

25 There is a chance to make considerable saving by the com- 
bination of some of the processes which are now performed sepa 
rately. As an example, it is possible to do away with the spooling 
machine, and a machine has already been designed for this purpose 
although it is not in general use in this country. Careful study woul: 
probably show that this plan of concentration could be carried stil! 
further. 

26 The providing of satisfactory machinery for the manipulatior 
of cotton waste is another problem the thorough solution of which 
would benefit both the machine manufacturer and the cotton mill. 


HUMIDITY AND TEMPERATURE 


27 One of the most important unsolved problems in the cotton 
manufacture is that of maintaining within mill buildings the temper- 
ature and humidity necessary for the most successful handling of 
the cotton fiber. The almost universal cooling off of the air of mills 
during the night and over holidays greatly reduces the absolute 
humidity in the cold season, even if it does not lower the relative 
humidity of the air. But a high relative humidity at a low tempera- 
ture does not put the fiber in the best condition for working. There 
is needed not only a certain absolute humidity, but in addition a 
temperature which allows the fiber to absorb the moisture in a way 
to bring it to its best condition. 

28 Most of the humidifiers now in use, those of the self-contained 
type, are essentially the same in principle as the primitive method 
of admitting steam through rose heads; they depend upon throwing a 
fine spray of vapor into the room, where it must be absorbed by the 
room air and diffused until it meets and affects the fiber under manip- 
ulation. The true principle would seem to require that heating 
and humidifying be combined, those two functions, and also that of 
ventilating, being performed by the same equipment. ‘With the 
positive-pressure a r system of heating, temperature can be regulated 
automatically and a uniform temperature can be maintained. It} - 
seems evident that the best system for humidifying will be that in 
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which the entering current of air for heating and ventilating is also 
provided, before it enters the room, with the requisite degree of 
humidity. It is certainly as possible to secure automatic control of 
humidity in the entering supply, as automatic control of temperature. 
Such a system, while it might be difficult to reduce it at the outset 
to perfectly reliable action, is in principle much simpler than any sys- 
tem of numerous heads distributed throughout a room; and under 
adequate study and experiment it will probably turn out to be simpler 
also as a piece of mechanism. By such a system it should be easy to 
secure not only proper conditioning of the fiber itself, but also proper 
conditioning of the operatives, the latter being quite as important in 
the long run as the state of the fiber. 

29 The maintenance of a uniform temperature and humidity 
during all the non-working hours would greatly improve the condi- 
tion of the fiber. When, as is often the case, mills are allowed to 
cool down during the night, either as a result of mistaken notions of 
economy, or through the carelessness of watchmen, the cotton can- 
not be in the best condition for manipulation at the beginning of 
the working hours. It must wait for its proper conditioning until 
the mill has slowly reached the temperature, and the air the proper 
humidity. There is also required in the heat of summer some ade- 
quate way of cooling the room air when the outside temperature is 
too high. Both results can best be obtained by combining the supply 
of moisture with the supply of hot or cool air as the case may be. 


REMOVAL OF LINT 


30 Another unsolved problem is some method of removing lint 
from machinery, motors, and wall, ceiling and belt surfaces that shall 
prevent soiled lint from damaging the quality and appearance of the 
product. In some mills this task is handled by having machines and 
surfaces continually wiped off with cloths, a method that is not 
entirely efficient, and undeniably costly. The practice of blowing 
lint from machines and surfaces with a blast of compressed air is 
familiar, and also unsatisfactory. The lint blown from the motors 
and from belts, walls and ceilings is in large part diffused again into 
the air, and tufts, often soiled, descend upon the cotton in process of 
manufacture and appear as more or less soiled lumps in the finished 
product. The air blast is also objectionable for the way in which it 
breaks or disturbs yarn or roving in the process of production. The 
lint evil is naturally most serious in the carding and weaving rooms. 
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For the former there is already a portable pneumatic suction machine 
which can be removed from card to card in order to take up the lint 
set free when each card is cleaned. The device is successful in remov- 
ing a considerable part of the lint, but it does not cover the whole 
problem. The practical difficulty lies not so much with the system 
itself, for pneumatic suction is adequate, and we know how to use it, 
but in applying it without becoming involved in prohibitive expense. 
It is of course mechanically possible to provide a system of exhaust 
hoods, even in a crowded card room, which would take care oi all 
lint; but the body of air that would have to be handled by such a 
system would require a large expenditure of power, to say nothing of 
the rather heavy cost of hoods, ducts, fans and separating chambers. 
It would be interesting to know whether, and how far, it is economic- 
ally and mechanically practicable to equip the individual machine 
with its own suction-cleaning device, operating as a part of the machine 
itself, somewhat after the manner in which the automobile motor 
runs its own fan for the cooling of its cylinders. 


LIGHTING 


31 The artificial lighting of textile mills is a field which offers 
great room for improvement. Electric lighting is usually adopted. 
There are many mills where gas lighting is still used and a few 
where the old oil lamp may be found. A clear white light is the best 
for all purposes, but with many forms of the incandescent bulb the 
light actually obtained is usually quite yellow. On all white work 
the Cooper-Hewitt light has been used with very good results, since it 
is steady and gives a powerful illumination. It has been found very 
serviceable in machine shops, and it has the virtue of allowing one 
to concentrate his gaze without undue fatigue of the eyes. In cotton 
mills, however, the operatives generally prefer local to general light- 
ing, but this involves many difficulties in securing the right arrange- 
ment of the different lights. The placing of a hooded bulb close to 
that part of the machine which the operative must keep under his 
eye has been one solution of the difficulty of cross shadows which 
arises when a series of lights are placed near a row of machines. The 
hooded local light, while it seems at first sight desirable, probably 
tends to provoke accidents, owing to the deep shadow surrounding 
most of the machines; and the alternation of the operative’s gaze 
between the brilliantly lighted patch of his machine and the compara- 
tive darkness which surrounds that lighted patch has been found 
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to be very hard on the eyes. This would seem an inevitable result, 
because a quick glance from a brightly lighted spot to a dark spot 
and then back again to the light spot involves two very rapid accommo- 
dations of the eye mechanism, and a consequent excessive strain. 
The artificial lighting of a textile mill is in fact almost a special field 
of engineering. 


WOOL AND WORSTED MANUFACTURE 


32 While much that has been said of the cotton mills applies as 
well to woolen and worsted mills, there are many problems that are 
more or less peculiar to woolen and worsted mills. Some of the more 
important of these are here noted. 

33 Machinery offers a great field for improvement. One of the 
greatest present wastes comes in the extremely short life of the leather 
aprons and dabbing brushes on worsted combs. The annual cost 
of renewals of the leather apron which carries the stock to the combs 
in a large mill may easily exceed $10,000. Metal rolls have been 
tried as a substitute for the leather apron, but without success. The 
‘problem is as old as the industry and it would seem that a solution 
should be forthcoming. The ineffectiveness of many devices tried 
in the past raises the question whether an entirely different type of 
machine is not needed. Dabbing brushes often wear out in about 
two days, and apart from the expense of the new brushes themselves, 
the bother of the whole operation is a great nuisance. Something 
new is needed here, possibly something new in principle. 

34 The French system of spinning raises another serious problem 
in the difficulty of getting the right conditions for the best handling 
of the fiber. There is much electricity. Proper conditioning of the 
air for the fiber demands both high temperature and high humidity. 
The crux of the whole difficulty seems to be in the heating of the rolls 
of the machine, the temperature of which is the most important 
single item in successful spinning. They must have the same tem- 
perature as the air of the room; if they are only a little cooler spin- 
ning goes badly, while if they are comparatively cold, spinning is 
practically out of the question. The problem here is whether the 
roll can be heated to an efficiency temperature by some interna! 
application of heat, so that its temperature shall be practically inde- 
pendent of the air. 

35 <A variety of other problems may be grouped together, not 
because they are individually unimportant, but because there is no 
need of enlarging upon them after what has already been said in more 
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detail of the problems of the cotton mill. Dust in the singe-room is 
one of these problems. This dust falls to the floor and can be cleared 
away with an air blast or air suction rather more easily than cotton 
lint; but some kind of continuous removing process is necessary be- 
cause of the extremely irritating effect of this dust when breathed into 
the lungs. Sulphur dioxide gases in the bleachery offer another prob- 
lem in removal; a somewhat similar problem arises also in the carbon- 
izing room where the treatment of wool with acids gives rise to very 
destructive action upon shafting and wood work. Ventilation of hot- 
rooms and dye-houses is another removal problem. These air- 
borne by-products of the woolen industry, comprising as they do, 
steam, various destructive gases, dust, an excess of heat and humidity, 
might seem again to furnish material for a special branch of engi- 
neering. Proper utilization of the waste products from wool washing 
presents another opportunity for the engineer. In regard to machin- 
ery, there is at present much trouble from soiling of fabrics by the 
oil used on the machines through which they pass, especially in the 
finishing machines. Such stains are of course disastrous on white 
or light-colored goods and are more serious than similar stains on 
cotton fabrics because of the much greater value of the material 
itself. There seems to be in the woolen manufacture the same ques- 


tion that arises in respect to cotton, whether the whole machinery 
of manufacture cannot in some way be made to give more output and 
better product by some departure from traditional methods. Existing 
processes leave something to be desired, not only on the side of their 
producing efficiency and maintenance cost, but perhaps quite as 
much in the deterioration of the wool fiber that results from existing 
processes. 


MANAGEMENT AND LABOR EFFICIENCY 


36 There remain to be mentioned some apparently minor mat- 
ters relating to the efficiency of operatives and to details of adminis- 
tration within the mill that are at least worth attention and that may 
hold the possibility of considerable economies. The influx of labor 
from the near East and from Southern Europe has brought mills in 
some sections to dependence on a class of labor whose neatness, effi- 
ciency and general adaptability to the conditions of cotton manufac- 
ture are considerably less than ideal. Certain classes of operatives 
for instance, who in their foreign homes never recognized the need for 
clean hands, bring their old point of view into the cotton mill, where 
in making piecings, and tying warp threads with smudgy fingers they 
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. multiply troubles for the overseer. This one problem of getting the 
operative’s hands clean enough for the handling of white goods is a 
tolerably serious one in some mills. Certain plants provide each 
operative in the spinning and weaving departments with a pail of 
water in which he is expected to wash his hands as often as is neces- 
sary to keep them clean. Operatives of this class will not go to set 
basins at considerable distance from their working stations. It might 
be well to have a small hand basin between every pair of windows. 

37 Prevention of accidents to operatives seems to require that 
some special instruction should be given to this lower grade of labor 
before the new operative is allowed to come into the mill. It is not 
unlikely that if green operatives had a week of preliminary instruction 
in which they made the acquaintance of various types of machinery 
and were shown what part of the machines might lead to accidents, 
the mill managements might find the expense of such instructions a 
profitable outlay. 

38 In view of acknowledged defects of certain kinds of mill labor 
therg is the question whether employers would not find it profitable 
to institute and maintain some continuing scheme for the instruction 
of new operatives, the picking out and retaining of those operatives 
who showed themselves capable of high efficiency, and the rejecting 
of those operatives with whom the instruction did not take. Up to 
the present time textile improvements designed to reduce the labor 
cost have been in the direction of requiring less labor and some of those 
who are alive to the defects of some of the present labor supply, 
see a remedy only in making textile machinery still more automatic. 

39 Finally, in many of the older textile plants of the country the 
typical American policy; of scrapping inefficient equipment needs 
to be extended to the buildings themselves. The comparatively 
recent erection and profitable operation of various new mills located 
in parts of New England removed from the traditional manufac- 
turing centers emphasizes the necessity, under the conditions of 
today, of having the best possible plant arrangement in the matter 
of buildings. Some mills have gone under and others are weak, 
because they have been unwilling or unable to discard wholly a 
plant layout which no amount of internal improvement could raise 
to the pitch of cost efficiency required for successful competition 
with new mills properly laid out at the beginning. As reorgan- 
izations take over unsuccessful properties, it is fairly certain that a 
considerable number of old mill buildings will be razed, so that new 
ones may be put on the same sites; or that the old buildings will be 
altogether abandoned as manufacturing plants. 


























































































































































VARIABLE-SPEED POWER TRANSMISSION 


By Greorce H. Barrus anp CHas. M. MAntiy 
ABSTRACT OF PAPER 


The paper describes a variable-speed power-transmitting mechanism called 
the ‘‘Manly Drive,” and a series of efficiency tests on the same, conducted by 
Mr. Barrus. The mechanism is fundamentally a hydraulic device, which con- 
sists of a pump attached to the driving shaft, one or more fluid pressure motors 
on the driven shaft or shafts, the latter being placed in any desired location 
with reference to the driving shaft, hydraulic connections between pump and 
motor, and a single operating lever. The fluid used is ordinary machine oil. 
When the operating lever is moved to its extreme position at one end, the driven 
shaft revolves in the same direction as the driving shaft and at its highest 
speed. When the lever is moved to its extreme position at the other end, the 
driven shaft revolves in the opposite direction at its highest speed. When the 
lever occupies a central position the driven shaft comes to rest and the machine 
acts like a brake. When it is gradually moved from either extreme position 
towards the centre, or from the centre towards either extreme, the speed is 
gradually changed in a corresponding degree, either forward or backward. 
These changes occur without varying either the speed, or direction of motion, 
of the driving shaft. Furthermore, as the speed of the driven shaft decreases 
the torque increases in like proportion. The tests covered a range of speed 
of the driven shaft varying from 105 to 350 r.p.m., and the efficiency of trans- 
mission, viz., the percentage which the power delivered by the drive bore to the 
power received, averaged 87.7 per cent. 


VARIABLE-SPEED POWER TRANSMISSION 


By Georce H. Barrus, Boston, Mass. 


Member of the Society 
and 
Cuas. M. Manity, New York 


Non-Member 


In the rapid extension of the use of electric motors it has been found 
necessary in many applications to provide for a considerable range of 
speeds in the machinery operated by them. While this requirement 
has been met to a certain extent in direct-current motors either by 
speed-control systems, involving means for varying the field strength, 
by inserting resistance in the armature circuit, by multiple voltage 
systems, or by a combination of one or more of these means with 
others of a similar character, still, in a great many applications these 
methods have failed to give the results desired. Where only an alter- 
nating-current supply is available, the speed control of motors has 
been much less satisfactory, as even with a polyphase current not 
only the range in speed variations obtainable with alternating-current 
motors has been very small, but their torque characteristics at 
starting under load have been far from satisfactory. 

2 The rapidity with which the internal-combustion or gas engine 
has been applied to various purposes in recent years, although remark- 
able, would no doubt have been greater had not the torque-speed 
characteristics been so unsatisfactory, especially at very low speeds, 
with what might be called a negative torque at starting, since power 
from some other source must be provided for starting. This has prac- 
tically necessitated the introduction between the engine and the appa- 
ratus which it is to drive, of a clutch or some other disconnecting device, 
so that the engine itself may first be set to work and the driven 
apparatus started later by decreasing gradually the slip of the clutch. 


1 Vice-President, Manly Drive Co. 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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In some cases where the driven mechanism has required only occa- 
sional reversal, the combination of a clutch with a reverse gear has 
prevented the rejection of the gas engine in those applications where 
its other advantages made it especially desirable, such as automobile, 
motor boat, and similar uses. On the other hand, the application of 
the gas engine has not been so satisfactory where the torque required 
to start the driven mechanism has been several times that required 
at full speed, such, for example, as heavy automobile trucks, where 
other factors have made it undesirable to provide an engine capable 
of developing the same amount of horsepower in proportion to the 
starting resistence to be overcome, as is practised in pleasure auto- 
mobile construction. In pleasure automobiles ‘the high speeds 
desired on relatively steep hills necessitate the use of such a high- 
powered engine that its size is really determined by this factor 
rather than by the amount of torque required to start the vehicle. 
The gas engine has likewise proved somewhat unsuccessful in the 
attempts which have been made to use it in connection with road 
rollers, hoisting work and similar applications where repeated reversal 
of motion and a strong starting torque are necessary. 

3 If a power generator were available which possessed in combin- 
ation all the valuable characteristics of the steam engine, the electric 
motor and the gas engine, many of the problems of the engineer would 
be simplified. In the absence of such a power generator the need of a 
variable-speed mechanism for transmitting power from generator to 
machine becomes more and more urgent. 

4 This paper relates to the hydraulic variable-speed power- 
transmission mechanism, designed by C. M. Manly, which, when 
introduced between an engine, or power generator, or even a single- 
phase alternating-current motor, and any device to be driven by it, 
not only gives a speed range from maximum in one direction through 
every intermediate speed down to zero, and then up to maximum in 
the reverse direction, but does so with the torque increasing in pro- 
portion to the decrease in speed, within the limits of strength of the 
device; and which, furthermore, permits of the most rapid and con- 
tinuous reversal of the driven device without any possibility of injur- 
ing the power transmission mechanism itself or the driving mechan- 
ism operating it. The first machine to be actually applied to regu- 
lar work was installed in January 1907, on a 2-ton automobile truck. 
This machine is still in operation on the streets of New York. 
Although its use has been confined largely to testing work, it has 
covered a total of something more than 8000 miles, always carrying a 
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load of 2 tons or more, and the drive itself appears to be in as good 
condition as when originally installed. In fact, when it was recently 
taken apart to determine how much it had been worn, no evidence 
could be found of any deterioration whatever in its various parts. 

5 The device consists of a pump connected to the power gener- 
ator, with one or more fluid pressure motors attached to the driven 
shaft or shafts and placed in any desired location with reference to 
the pump, hydraulic connections between them, and a single operat- 
ing lever. The pump is of multicylinder construction with variable 


Fie. 1 MoutticyLinpers LocaTeD AROUND CENTRAL CRANK CHAMBER 


stroke, attached to the driving shaft. The multicylinder motors 
have a fixed stroke, and are attached to the driven shaft, the pipe 
connections or passages between them transmitting the working 
fluid. The various cylinders, both of the pump and motors, radiate 
equidistantly from a central crank chamber, and the pistons or plung- 
ers are connected to a single crank pin, which is common to all. The 
fluid used is ordinary machine oil, the lubricating qualities of which 
and its freedom from danger of freezing admirably fit it for such a 
purpose. When once filled the oil is used over and over again, being 
in continuous circulation from pump to motor through one set of 
pipes or passages and back again from motor to pump through another 
set. 
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6 Figs. 1, 2 and 3 show, in an elementary way, the leading 
features of the arrangement. Fig. 1 illustrates the location of 
the multicylinders around the central crank chamber, the number in 
use in the instance illustrated being five. Fig. 2 shows a cross-sec- 
tion through the crank pin of the pump. Fig. 3 is an elementary 
sectional elevation showing the cylinders and valves of both pump 
and motor, and the pipes forming the connection between them. A 
represents the plungers, and B the valves of the pump. Connection 
between the two is made by passages leading from the head ends of 
the pump cylinders to the centers of the corresponding valve chambers. 
C represents the valves, and D the plungers of the motor. Here the 
passages between the valve chambers and the plunger cylinders lead 
from the center of the valve chambers to the head end of the motor 
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Fic. 2 Cross-SecTION THROUGH CRANK PIN OF THE Pump 


cylinders. The corresponding ends of the two valve chambers are 
connected by the pipes HE and F. One pipe carries the oil in one 
direction, and the other pipe returns it in the opposite direction. The 
outer ends of the five valve chambers of the pump are connected by 
the circular passage G, and the inner ends by the circular passage 
H; likewise the five valve chambers of the motor are connected by 
the circular passages J and J. In this elementary diagram the two 
shafts, both driving shaft K and driven shaft L, are shown in thesame 
line, although disconnected. It will readily be seen that the two 
shafts may occupy any angular position with reference to each other, 
and any distance apart, the connecting pipes being arranged accord- 
ingly. 

7 The stroke of the pump may be varied at will; that of the 
motor is fixed. The variation of pump stroke is accomplished by a 
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crank on which is mounted an eccentric bushing. By revolving the 
bushing with reference to the crank, its center line is brought into 
alignment with the center of the shaft, and when this position is 
reached no reciprocating motion is communicated to the pump plung- 
ers. When the pump is running at full stroke the motor operates at 
the highest speed. By varying the pump stroke and thereby the 
velocity of the oil in circulation, the motor runs at a speed which is 
exactly in proportion to the amount of oil that passes through it. 
Any desired rotative speed can therefore be secured and maintained. 
For reversal, the pump stroke first passes through the zero point. 
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Fig. 3 SecTIONAL ELEVATION OF Pump AND Moror 


Then the valves change, and the oil is simply pumped in the opposite 
direction through the ports and pipes. Referring to Fig. 3, when the 
motor is going forward, pipe E furnishes a supply to the motor trans- 
mitting the oil under pressure from pump to motor, while pipe F 
returns it from motor to pump, thereby answering the purpose of 
an exhaust pipe. When the motor goes backward, pipe F becomes 
the supply under pressure, and pipe E changes to the exhaust pipe, 
the direction of circulation through the connecting pipes being com- 
pletely reversed. In case of a sudden check in the speed or a quick 
reversal, the momentum due to running in one direction is taken up 
in the device itself. A safety valve, set at 2000 lb. per sq. in., opens 
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a by-pass when there is an over-pressure and this acts as a cushion 
preventing injury to the machine. 

8 Fig. 2 shows the arrangement of the crank by which the length 
of the pump stroke is adjusted. A is the center of the shaft, B is the 
center of the bushing, while C is the center of the crank. Point C 
lies halfway between points A and B when all three are inline. With 
this arrangement, it is readily seen that when the bushing is rotated 
180 deg. around the center C of the crank, the center of the bushing, 
which is the real crank pin, is brought into exact alignment with 
the center of the shaft, and when this occurs, the length of the crank 
becomes zero, and the reciprocations cease, as already explained. 

9 The rotation of the crank bushing from the position of max- 
imum stroke to the no-stroke point, is accomplished by the use of 
an auxiliary piston, lying parallel to the shaft, and supplied with 
power from the fluid pressure of the pump, and this piston operates 
on the bushing through appropriate mechanism. It is under the con- 
trol of a pilot valve, which is moved at will by means of a hand 
lever. By simply moving this lever from one end of its throw to a 
central position, the speed of the motor shaft is varied from its maxi- 
mum speed to a condition of absolute rest, and by moving the lever 
to the other end of its throw the motion is reversed and any speed is 
secured ranging from zero to a maximum speed in the reverse direc- 
tion. Meanwhile the driving shaft continues to run at constant 
speed, whatever the speeds or direction of motion of the driven shaft. 

10 The speed-controlling feature of the drive serves a most impor- 
tant purpose when applied to vehicles such as automobiles, railroad 
motor cars, power boats and elevators. When the motor comes to 
absolute rest, the pump stroke being reduced to zero, no motion of 
the motor is permissible in either direction until the adjustment is 
changed so that the fluid again begins to flow from pump tomotor. 
Its effect at such times is that of a brake applied to the wheels, though 
much more positive and reliable. The importance of the brake 
feature can hardly be overestimated when it is remembered that all 
the effects as to.varying speed, reversal of motion, and brake action 
are brought about by the movement of a single hand lever. Many 
accidents occur owing to the confusion of the driver having a number 
of different controlling devices to operate. The single-control lever of 
the drive prevents this. When the lever is in its forward position, 
the machine goes forward at maximum speed. When the lever is 
pulled over to the middle position, the machine comes to rest, and is 
locked there as with a brake. When the lever is pulled over still 
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farther to its extreme backward position, the machine goes backward 
at maximum speed. 

11 Another feature of the drive, the increase of torque in the 
driven shaft as the speed is reduced, should be mentioned. This 
is peculiarly adapted to road vehicles traveling in a hilly country. 
By slowing down the driven shaft, the torque or pulling power may 
be increased to any degree within the limiting blow-off pressure of the 
safety valve. Whatever the capacity of the engine, the vehicle may 
be propelled up any hill, however steep the grade, provided the speed 
is slow enough, and the wheels do not slip. 


RECORD OF TEST 


12 The drive tested was one built for a 5-ton automobile truck: 
It was mounted on a temporary wooden rack representing a truck 
frame and fastened to the floor of the shop. In all its essential 
features it was a duplicate in design of the 2-ton truck drive, which 
had been used in actual work for two years, but it was larger and 
entbodied in its construction certain refinements of detail regarding 
the main castings and the interior parts of the mechanism not pos- 
sessed by the earlier machine. As applied to the truck, the present 
machine under consideration comprised one 5-cylinder pump and two 
hydraulic motors, each having 5 cylinders. The motors were placed 
at right angles to the pump shaft for connection to the driving wheels 
of the automobile, dispensing with the differential gears. For adap- 
tation to general use, as already noted, the motor and pump might 
either be in line with each other and firmly bolted together without 
intermediate pipes, or placed at any angle, or in any plane with re- 
spect to each other, or at any distance apart without changing the 
underlying principles embodied in the apparatus tested. 

13. While the controlling mechanism permitted the variation of 
speed from a maximum in one direction down to zero, and then up to a 
maximum in the reverse direction, the tests were made with the 
motion in one direction only. The conditions of operation were 
the same, however, in both directions and the results were unaffected 
by the precise direction of rotation. 

14 For the purposes of the present tests it was desirable to use 
only one motor so that the whole ‘power might be measured by the 
use of a single brake. The second motor (which is used in the auto- 
mobile outfit) was removed, and the pipe connections to it from the 
pump were blanked off. The whole work was thus thrown upon a 
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Single motor, thereby increasing the fluid resistance. This point is 
especially to be noted, because the ports and passages were propor- 
tioned for a truck equipment in which two motors share equally the 
fluid delivered from the pump. With one motor transmitting the 
total quantity of oil designed to be handled by two, the operating 
conditions were less favorable than those of actual service. 

15 To supply power for operating this apparatus, the pump shaft 
was coupled to a 15-h.p. direct-current electric motor made by the 
General Electric Company. The type and size of this motor were as 
follows: Shunt-wound motor No. 79,214; type C.E., class 4, 15 h.p., 
690 r.p.m.; form A, 230 volts, 553 amperes. This motor was the most 
convenient, inasmuch as the quantity of power supplied by electricity 
is a matter of ready determination. 


Electric 


O 


ing Molor 





Operating Lever 


Fig. 5 DIAGRAM SHOWING ARRANGEMENT OF TEST APPARATUS 


16 Fig. 4 shows an exterior view of the apparatus. It was 
taken at comparatively close range and the perspective is not 
altogether satisfactory, but the leading features are fully exhibited. 
The electric driving motor is shown at the extreme end of the frame 
work. Next comes the pump, the driving shaft of which is in line 
with, and a continuation of, the electric motor shaft. A system of 
piping leads from the pump to the hydraulic motor, one set of pipes 
carrying the circulating oil from the pump to the motor and another 
returning it to the pump. The shaft of the hydraulic motor, as 
already stated, is at right angles to the pump shaft. A pulley is 
attached to the end of this shaft. Just outside the pulley may be 
seen the upper ends of two bolts. These come from the lower brake 
shoe, used in the tests, which is hidden from view. The upper ends 
of the bolts, which are provided with nuts, hold down the upper 
brake shoe. This part of the brake was not in place, and is not 
shown in the figure. Attention may be called to the operating lever 
at the extreme end of the pump, near the electric motor, which regu- 
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lates the speed of the drive shaft to any desired point. The adjust- 
ment is so sensitive that the speed can readily be cut down to as low 
a point as 1 r.p.m., if desired, the pu-ley at such times just barely drag- 
ginz along, the main driving shaft still operating at maximum speed. 

17 Fig. 5 is an elementary drawing showing at a glance the 
leading features of the apparatus. A is the pump, B the motor, 
C the connecting pipes, D the pilot valve, Z the controlling lever, F 
the electric motor, and G the brake. The dimensions of the leading 


parts of the pump and hydraulic motor in the test apparatus are 
given in Table 1. 
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Fic. 6 Test or Evectric Motor, NoveMBER 28, 1908 


18 On these tests the apparatus was filled with a mineral oil, 
called by the trade Arctic machine oil, costing 25 cents per gal. 
The quantity in circulation with a single motor is about 5 gal. With 
both hydraulic motors in use, the quantity is increased to about 7 
gal. 

19 With the dimensions in Table 1, each revolution of the pump 
shaft causes the circulation of sufficient oil to produce about one- 
half a revolution of the motor at maximum speed. Consequently, 
the maximum speed of the motor shaft and brake wheel is about one- 
half that of the pump shaft and electric motor. 

20 The general object of the tests was to determine the efficiency 
of this system of transmitting power, in other words, the proportion 
which the power taken out bears to the power put in it. 
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21 The scope of the tests was sufficient to make this determina- 
tion not only under conditions of full load and full speed of the driven 
shaft, but under all other conditions of load and speed at which the 
testing apparatus could be used. The tests were therefore made in 





TABLE 1 DIMENSIONS OF PUMP AND MOTOR IN TEST APPARATUS 
Motor 


I Oe I oi esc hac coded + nccincnsenersanstdacaas ’ | . 
I cain ccbnecnatnasreséisasneuhe 2.5 2.5 
ED GI GE Io ioc sc 5 sinc cect nie tccsessncs 1.5 3.0 
Diameter of circle enclosing pump plunger cylinders and 
IE Se yo tcin5 ose ton can vbnceasenseon 24.0 } 24.0 
Diameter of circle enclosing pump valve chambersand motor 
I GI Bice cccnascnderntes catensecsacenesevion 18.0 ; _ 18.0 
Distance from center of motor shaft to front end of pump, in. 46 
Distance from center line of pump shaft to outboard bear- 
a ok in danas eiiie dn then tddeda ee deks baeee eee 20 
ME Ee NE By Didcock wis cctnsdccestscnssccen 30 











everal series. During each the apparatus was operated first at the 
‘ull speed of the driven shaft, and then step by step at reduced speed 
down to the minimum that could be satisfactorily handled by the 
rake. Four series were made, two when the apparatus was at a 


TABLE 2 DATA AND RESULTS OF ELECTRIC MOTOR TESTS 








Electri | Efficiency 

Ho a : Rev. Net Weight/Brake H.P.| or Percent- 

No. |Amperes| Volts Watts — per in Brake | or Power tage Borne 
or Power | 

Ss lied Min. Arm | Delivered by Col. 8 

— | to Col. 5 















1 54 16.9 . 
2 49 | 232 11368 15.23 725 23.0 12.72 83.3 
3 44 | 233 10252 13.74 729 20.5 | 11.38 82.8 
4 39 232 9048 12.13 727 17.5 9.68 79.8 
5 29 230 6670 8.94 730 12.5 | 6.95 77.7 
6 19 | 





5.45 





medium temperature, and two after it had been operated a sufficient 
time to warm the oil to its maximum temperature. Each of the 
double series was made first with a constant amount of power passing 
into the apparatus and passing out at the reduced speed, increasing 
the torque, or the weight on the brake arm, inversely as the speed 
decreased; and second, with a constant weight on the brake arm, and 
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the amount of power passing into the apparatus reduced step by step 
as the speed of the hydraulic motor was reduced. 

22 As already noted, the power delivered was absorbed by a 
friction brake surrounding the hydraulic motor wheel. This brake 
was of the ordinary Prony brake pattern, consisting of two blocks, 
fitting the periphery of the wheel, one above and one below. An arm 
or lever, extending from the upper block horizontally, was attached to 
a spring balance. The point of attachment, which was exactly 4 ft. 
from the center, was level with the center of the shaft, and the direc- 
tion of motion was such that the pull of the brake lever was exerted 
vertically downward, the balance being suspended from a beam 
overhead. 

23 The brake shoes were lined with circular pieces of cork set 
into the wood to obtain a uniform friction. The lower half of the 
pulley dipped beneath the surface of water in a small tank which sur- 
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Fic. 7 Errictency Test or MANty Drive, Series A, DecemBer 8, 1908 


rounded it, and this tank was kept partially filled with cold water to 
absorb the heat of friction. The brake arm was housed in, to prevent 
undue throwing of the cooling water. The requisite amount of pres- 
sure on the brake shoes was obtained by screwing down the nuts 
holding the two halves together, using an ordinary hand wrench. 
24 The power supplied by the electric motor was determined by 
measuring the amount of electric current consumed, and determining 
the output of this motor by employing the proper coefficient of effi- 
ciency. This coefficient was found by disconnecting the motor from 
the apparatus, attaching the same pulley to the shaft as that used for 
the brake wheel, and using the same brake as that employed on the 
main efficiency tests. The electric tests were made by comparing the 
amount of current supplied to the electric motor, reduced to horse- 
power, with the amount of power delivered, as determined by the 
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Watts (line 1 X line 2) 


itaascnes<ddveeceesskanet 


Electric h.p. of current (line 3+746) 






55.0 

234.0 

12870.0 
17.25 


Efficiency of electric motor, taken from 


curve on Fig. 7, per cent 


84.4 


Power supplied to driving shaft (line 4 


Net weight on brake arm, lb 


R.p.m., driving shaft (electric motor)... .. 
| R.p.m., driven shaft, (Manly hydraulic 


9 Temperature of oil in circulation, deg..... 


ee 


14.56 
755.0 


363.0 
115.0 
45.0 


Brake h.p., or power delivered to driven 


line 11 to line 6 
4 


Watts (line 1 X line 2).......... 
Electric h.p. of current (line 3+ 
Efficiency of electric motor, taken 

from curve on Fig. 7, per cent. 
Power supplied to driving shaft, 

(line 4 X line 5), h.p............ 
R.p.m., driving shaft (electric 
R.p.m., driven shaft, (hydrau- 

jl eer 
Temperature of oil in circulation, 


Net weight on brake arm, lb... 
Brake h.p., or power delivered 
to driven shaft................ 
Efficiency of drive, or percentage 
borne by line 11 to line 6 





12 Efficiency of drive, or percentage borne by 


49.0 
230.0 227.0 
12650.0 | 11123.0 
16.96 14.91 
84.3 83.3 
14.3 12.38 
750.0 745.0 
352.0 310.0 
122.0 124.0 
46.0 46.0 
12.33 10.86 
86.2 87.6 





55.0 
239.0 
13145.0 
17.62 
84.4 


14.87 
760.0 


299.0 

116.0 
57.0 
12.97 


87.2 


42.0 
228.0 
9576.0 
12.84 
81.4 
10.45 
745.0 
264.0 


127.0 
46.0 


9.24 


88.4 


55.0 
236.0 
12980.0 


17.40 


84.4 


14.68 


755.0 


250.7 
117.0 
68.7 


13.12 


89.4 


36.0 
224.0 
8064.0 
10.81 
79.1 
8.55 
740.0 


215.0 


128.0 
46.0 


7.54 


88.2 


TABLE 3 DATA AND RESULTS OF EFFICIENCY TESTS, SERIES A 


TEMPERATURE OF CIRCULATING Or_, Meprium. GENERAL CHARACTERISTICS: CONSTANT POWER, 
DRIVING SHAFT; CONSTANT SPEED, DRIVING SHAFT; 
POWER, DRIVEN SHAFT; VARYING WEIGHT ON BRAKE ARM. 


VARYING SPEED, DRIVEN SHAFT; 


55.0 
235.3 
12941.0 


17.35 


84.4 


14.64 
755.0 


200.3 

118.0 
85.7 
13.07 


89.2 


TABLE 4 DATA AND RESULTS OF EFFICIENCY TESTS, SERIES B 


29.0 
221.0 
6409.0 
8.59 
75.8 
6.51 
730.0 
160.0 


129.0 
46.0 


5.60 


86.1 


1607 


This was done for the whole range of current used on the 
By this means an efficiency curve was obtained 


CONSTANT 
Date or Test, DecempBer 8, 1908. 


55.0 
232.0 


12760.0 


17.10 


84.4 


14.43 
750.0 


139.7 

120.0 

116.3 
12.36 


85.7 


[EMPERATURE OF CriRCULATING O1L,MEpiumM. GENERAL CONDITIONS: VARYING POWER, DRIVING 
SHAFT; CONSTANT SPEED, DRIVING SHAFT; VARYING SPEED, DRIVEN SHAFT; VARYING POWER, DRIVEN 
SHAFT; CONSTANT WEIGHT ON BRAKE ARM. Date or Test, DecEMBER 9, 1908. 





22.2 
221.0 
4906.0 


6.58 


730.0 


112.0 


130.0 
46.0 


3.92 


83.1 


which applied to the motor as actually operated on the work in 
question. 
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25 All the instruments employed were either standardized, or 
compared with recognized standards, and any errors allowed for. 


TABLE 5 DATA AND RESULTS OF EFFICIENCY TESTS, SERIES C 


TEMPERATURE OF CIRCULATING O1L, MAXIMUM. 


Watts (line 1 X line 2), 

Electric h.p. of current (line 3—746), 

Efficiency of electric motor, taken from 
curve on Fig. 7, per cent 

Power supplied to driving shaft (line 4 X 
ee eS a eee 

R.p.m., driving shaft (electric motor).. .. 

R.p.m., driven shaft, (hydraulic motor) . 

Temperature of oil in circulation, deg. ... 

Net weight on brake arm, lIb............. 

Brake h.p., or power delivered to driven 


BO ere 


TABLE 6 DATA AND RESULTS OF EFFICIENCY TESTS, SERIES D 


TEMPERATURE OF CIRCULATING O1L, MAXIMUM. 


GENERAL CONDITIONS: CONSTANT POWER, DRIV- 
ING SHAFT; CONSTANT SPEED, DRIVING SHAFT; VARYING SPEED, DRIVEN SHAFT; CONSTANT POWER, 
DRIVEN SHAFT; VARYING WEIGHT ON BRAKE ARM. Date or Test, DecEMBER 9, 1908. 


16.96 
84.3 
14.3 
750.0 
350.0 
132.0 
47.0 
12.50 


87.4 


55.0 


236.0 
12980.0 


17.4 
84.4 
14.68 
755.0 
310.0 
133.0 
56.5 
13.33 


90.8 


55.0 

239.0 

13145.0 
17.62 


84.4 
14.87 
760.0 
270.0 
134.0 
66.5 
13.66 


91.9 


55.0 

238.0 

13090.0 
17.55 


84.4 
14.81 
760.0 
202.0 
135.0 
86.0 
13.23 


89.3 


55.0 
237.0 
13035 .0 
17.47 


84.4 

14.74 
755.0 
163.0 
135.0 
103.5 

12.83 


87.0 


GENERAL CONDITIONS: VARYING POWER, DRIVING 


SHAFT; CONSTANT SPEED, DRIVING SHAFT; VARYING SPEED, DRIVEN SHAFT; VARYING POWER, DRIVEN 


SHAFT; CONSTANT WEIGHT ON BRAKE ARM. 


REE ee eee 55.0 
230.0 
Watts (line 1 X line 2) 12650.0 
Electric h.p. of current (line 3+ 
16.96 

Efficiency of electric motor, taken 

from curve on Fig. 7, per cent. 84.3 
Power supplied to driving shaft 

(line 4 X line 5), h.p.......... 14. 
R.p.m., driving shaft (electric 

motor) 


R.p.m., driven shaft, (hydraulic 


Net weight on brake arm, Ib.... 
Brake h.p., or power delivered to 
eee 
Efficiency of drive, or percent- 

age borne by line 11 to line 6... 


49.0 
228.0 
11172.0 


14.98 


83.4 


12.46 


745.0 


315.0 


136.0 


Date or Trest, DeceMBER 9, 1908. 


25.5 
236.0 
6018 


136 
47 


The tests were made on November 28, December 8, and December 9, 
1908. Other tests of a preliminary nature were made on November 
21 and 22, 1908. 
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26 The data and results of the tests on the electric motor are 
given in Table 2 and Fig. 6 on which the results are plotted. Fig. 6 
also represents the true curve of efficiency of the motor, based on the 
observations made. 

27 The data and results of the four series of efficiency tests are 
given in Tables 3-6. The results are plotted on Figs. 7-10, together 
with efficiency curves based on these results. 
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Fig. 8 Erricitency Test or Manty Drive, Series B, DecemsBer 9, 1908 


4 
28 Referring to Tables 3-6 the efficiency obtained on the tests 
of Series A, with medium temperature of oil and constant power, is 
85.3 per cent at the full speed of 363 r.p.m., increasing 89.4 per cent 
with speed reduced to 250 r.p.m., and then decreasing to 85.7 per 
cent with speed further reduced to 140 r.p.m. On the tests of Se- 
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Fig. 9 Errictency Test or MANLY Drive, Series C, DeceMBER 9, 1908 









ries B, with medium temperature of oil and constant weight on the 
brake arm, the efficiency is 86.2 per cent at the full speed of 352 
r.p.m., increasing to 88.4 per cent with speed reduced to 264 r.p.m., 
and falling back to 83.1 per cent with speed decreased to 112 r.p.m. 
29 On the tests of Series C, with maximum temperature of oil 
and constant power, the efficiency is 87.4 per cent at the full speed of 
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350 r.p.m., increasing to 91.9 per cent with speed reduced to 270 
r.p.m., and then falling back to 87.0 per cent with a further reduction 
of speed to 163 r.p.m. On the tests of Series D, with maximum tem- 
perature of oil and constant weight on the brake arm, the efficiency 
is 87.4 per cent at the full speed of 350 r.p.m., increasing to 90.9 per 
cent with a reduction of speed to 245 r.p.m., and dropping to 81.6 
per cent with a further reduction of speed to 105 r.p.m. The tests 
with maximum temperature of circulating oil show a material advan- 
tage over those with lower temperature as might be expected from 
the nature of the fluid. The average oi all the figures of efficiency 
given computed numerically, is 87.7 per cent. 


| | 
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Fic. 10 Erricrency Test or MANty Drive, Series D, DecEMBER 9, 1908 


30 The operating features of the drive, viewed as a power trans- 
mitting machine, were entirely satisfactory. On some days the appa- 
ratus was worked almost constantly under a brake load for a 10-hr. 
run, and the machine was always in excellent condition whether at 
the end of the period or at the beginning. 

31 There was never any sign of overheating. It was always 
noticeable that as the temperature of the circulating oil increased, 
the percentage of efficiency increased; thus showing that the fric- 
tional losses were reduced as the oil became less viscous under the 
higher temperature. 











AIR-CONDITIONING APPARATUS 


PRINCIPLES GOVERNING ITS APPLICATION AND OPERATION 
By Wiiuis H. Carrier AND FRANK L. BusEy 
ABSTRACT OF PAPER 


This paper treats of the construction, application and operation of apparatus 
used in the artificial production and control of atmospheric conditions as 
applied in various processes of manufacture and in heating and ventilation. A 
general description is given of the various forms of air-conditioning apparatus 
of the spray type. The different methods of controlling the humidity are con- 
sidered together with a full description of humidity-controlling and recording 
devices, and full engineering data relative to the design and operation of air- 
conditioning apparatus and systems are presented. particular attention being 
paid to the theory of air cooling and dehumidifying with cooling coils. The 
rate of heat transmission in indirect surface air heaters and coolers is considered 
and a new theory of heat convection under forced circulation is developed 
and established by experiment. A rational formula for calculating the rate 
of heat transfer and temperature rise at various air velocities and tempera- 
ture differences is given in conformance with this experimental data. 














AIR-CONDITIONING APPARATUS 
PRINCIPLES GOVERNING ITS APPLICATION AND OPERATION 


By Wi.uis H. Carrier, Burrato, N. Y. 
Associate Member of the Society 
and 


Frank L. Busey,' Burrato, N. Y. 


Non-Member 


Air conditioning is a term which may be generally applied to the 
positive production and control of desired atmospheric conditions 
within an enclosure, with respect to moisture, temperature and pur- 
ity. Its particular concern is the regulation of humidity. 

2 The fundamental principles underlying the art of air con- 
ditioning have already been discussed in an accompanying paper.” 
It is the purpose of the present paper to describe the apparatus em- 
ployed and to submit comprehensive data relating to its practical 
application and operation. While much of this material pertains to 
humidifying and humidity control, some important original data 
are given on heat transmission by convection, which is an important 
factor in many air-conditioning processes. Among these may be 
mentioned the heating of air by passing over steam coils; the simul- 
taneous heating and cooling of air, as in a heat interchanger as em- 
ployed in dehumidifying; and the dehumidifying and cooling of air 
with surface condensers. Upon these data as a basis a new theory 
of heat transmission by convection is established. A rational for- 
mula is derived embracing both the effect of velocity and tempera- 
ture difference with a correction for variation of air density in the 
surface film. 


Tue AmeRIcAN Society or MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 


1 Engineer, Experimental Sta., Univ. of Illinois. 
2 Rational Psychrometric Formulae, The Journal, November 1911, p. 1309, 
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3 Air-conditioning apparatus for controlling the humidity of 
air may be broadly classified, according to use, into humidifiers proper. 
which add moisture to the air in required amounts; and dehumidi- 
fiers, which remove a variable quantity of moisture from the air to 
reduce it to the required standard. The relative humidity of air 
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may also be altered, and in a measure regulated simply by changing 
its temperature without affecting its moisture contents. 


TYPES OF HUMIDIFIERS 


4 Humidifiers may be classified into the spray and evaporative 
types, and the latter being divided again into direct and indircct. 
The humidity of the air may also be increased by the direct intro- 
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duction of steam into the air supply or into the room. Since the 
total heat of the vapor at atmospheric temperature is somewhat 
less than the total heat at steam temperature, this raises the tem- 
perature of the air perceptibly and is therefore intolerable in the 
majority of cases. Added objections to the direct use of steam are 
that it frequently gives a noticeable odor and that it is difficult to 
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regulate. Its use is of so little engineering interest or value that it 
need not here be considered. 

5 Thespray and evaporative types of humidifiers have a distinct 
value aside from humidifying in their possession of a cooling effect 
which is in direct proportion to their moistening effect. The direct 
spray type of humidifier is distinguished from the evaporative type 
in that it introduces a finely divided or atomized spray directly into 
the room in constant volume, while the evaporative type introduces 
only the water vapor. There is also a mixed type which discharges 
both moist air and free moisture into the room. 
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6 In what may be termed the indirect evaporative humidifier 
the air is partly or entirely taken from the outside and is humidified 
and conditioned before it is introduced into the room. In the direct 
evaporative type the water vapor passes directly into the air of the 
room. The indirect system of air conditioning is also termed the 
central system. 

7 A disadvantage of the direct spray type is that it always intro- 
duces a fixed quantity of moisture regardless of the needs or condi- 
tion of the room until it is closed off by hand, or through a separate 
automatic control. In the evaporative type, on the contrary, there 
is an inherent self-regulating feature owing to the fact that the rate 
of evaporation is in direct proportion to the moisture deficit in the 
air. This is especially true in the indirect evaporative type, which, 
with all outside air, will maintain an absolutely uniform relative 
humidity, other conditions remaining constant. 


8 Since the indirect evaporative type is capable of the greatest 
development and widest application, and therefore is of greatest 
engineering interest, this paper will be devoted largely to the theory 
of operation of this system and methods of its application. 


9 Figs. 1 and 2 show the type of air purifier and humidifier 
adapted for use in the ventilation of auditoriums, offices and public 
buildings. Its primary object is the removal of impurities from the 
air, but combined with this is the very important function of regula- 
tion of the humidity, when.below the minimum standard. When 
the humidity is above the required minimum standard it is designed 
to wash the air without objectional increase in its moisture contents. 
The essential features of this type of apparatus are: 


a A distributing plate for the purpose of reducing eddies 
and distributing the air uniformly over the area of the 
washer. 

A system of atomizing sprays so arranged as to fill the air 
completely with water particles uniformly distributed 
over the chamber area. 

A centrifugal pump for maintaining the proper pressure 
on the spray nozzles. 

A settling chamber provided with proper strainers for the 
removal of dirt from the spray water. 

An eliminator, A, of proper construction and ample sur- 
face for washing the air by impact and centrifugal force 
and for the removal of all free moisture (Fig. 3). 
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f Flooding nozzles, B, to distribute an additional amount 
of water on the eliminators to increase the amount of 
available wetted surface, to flush the eliminators and 
to provide a means of washing the air without greatly 
affecting the humidity. 

g Automatic water heater, C, for supplying heat and moisture 
to the air through the water spray. This may be either 
of the closed type or of the open, ejector type. 

h Dewpoint thermostat at D, subject to the temperature 
of saturation and connected to motor valves control- 

ling the supply of heat to the spray water. 

















Fig. 3. DetaiL or ELIMINATOR FOR REMOVING FREE MoIsTURE 
















10 Air is drawn through this humidifier by means of a centri- 
fugal fan at a velocity of about 500 ft. per minute. The tempera- 
ture of the air is raised immediately in the humidifier from any out- 
door temperature to that necessary to hold the desired amount of 
moisture, ordinarily to about 40 deg. fahr. 

11 The indirect humidifier designed for industrial application 
is shown in Figs. 4 and 5. This is intended primarily to deliver 
completely saturated air, even when the saturation temperature is 
above the minimum point. This condition of saturation and the 
cooling effect are of primary importance; the cleaning effect being 
usually of secondary consideration. The industrial humidifiers 
differ from the public building air washer in the following particu- 
lars (Figs. 6 and 7): 
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AIR CONDITIONING APPARATUS 


a The centrifugal atomizing sprays are more numerous, and 
operate at higher pressure to give a more finely divided 
mist, and discharge in the opposite direction to the air 
flow. 











Fic. 6 GENERAL VIEW OF HUMIDIFIER 


b The distributing plate is replaced by a diffuser composed 
of horizontal plates which serve also as eliminators to 
prevent water from being carried outward against the 
air current. 

c The humidifying chamber is longer in order to give great- 
er opportunity for saturation. 

d The eliminator is not as deep and is not provided with 
flooding nozzles. 








WILLIS H. CARRIER AND FRANK L. BUSEY 


THE DEHUMIDIFIER 


12 In the dehumidifier (Figs. 8 and 9) relatively cold spray water 
is used to condense the moisture out of the air. This water is either 
refrigerated or taken from an artesian well. When the water is 
artificially cooled the refrigerating coils are usually placed in achamber 
underneath the spray chamber, and the water is so distributed as 
to flow uniformly over the cold surface, dropping to the tank under- 
neath. The dehumidifier has its sprays opposed to the direction of 
air flow as in the humidifier, but differs from the latter in having usu- 


Fic. 7 HuUMIDIFIER SHOWING SPRAYS IN OPERATION 


ally two sets of sprays in series instead of one. Two or more dehumid- 
ifiers are frequently placed in series when the range of air tempera- 
ture is great or when an economy of cooling water is essential. 


ROTARY STRAINER 


13 Whenever the air handled by air-conditioning apparatus is 
full of impurities, such as lint in textile mill applications, the ordin- 
ary type of strainer would require too much attention and an auto- 
matic, self-cleaning rotary strainer, shown in Fig. 10, is essential. 
This consists of a fine-mesh brass or copper screen, covering a cylin- 
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drical drum. As this drum rotates it is cleaned at the water surface 
by a revolving brush. The use of this strainer is of great advantage 
in humidifiers, since it permits the use of smaller nozzles which give 
a more finely divided spray, with increased efficiency. 
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Fic. 8 SectionaL View oF DEHUMIDIFIER 


DEWPOINT METHOD OF HUMIDITY CONTROL! |) 


ci 


14 Any one of the three spray types of air conditioners pre- 
viously described are admirably adapted for humidity control by what 
is known as the dewpoint method. This system is applicable only 
where the absolute moisture content of the air in the room is unaf- 
fected to any great extent by extraneous sources of moisture suppl) 
or by moisture absorption. It depends upon supplying the enclosure 
with conditioned air having a definite dewpoint and maintaining » 
predetermined relationship between this dewpoint temperature am 
the room temperature. The dewpoint of the air supply is deter- 
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mined by saturating the air and removing all free moisture at the 
apparatus at a definite temperature. This dewpoint will evidently 
remain constant regardless of subsequent variations in air tempera- 
ture. It may be shown that the percentage of relative humidity 
in an enclosure is dependent upon the difference between the dewpoint 
temperature and the room temperature and that it is substantially 
constant for any variation in room temperature so long as the differ- 





Fig. 9 GENERAL VIEW OF DEHUMIDIFIER 


ence between the dewpoint and room temperatures is maintained 
constant (Tables 1 and 2). 

15 It is evident that this system is particularly adapted to ther- 
mostatic control of (a) the dewpoint (saturation temperature at the 
apparatus) and the room temperature independently; (b) of the dew 
point with reference to a variable room temperature; or (c) of the 
room temperature with reference to a variable dewpoint tempera- 
ture. System (a) is generally applied to air washers and humidifiers 





E 
< 
— 
= 
< 
\<) 
Z 
— 
z 
2) 
— 
& 
_ 
a 
v4 
° 
oO 
fon] 
— 
< 


geo | 0'8S 0°29 
076s | 9°22 99°89 
B | 028) 0°89 
g2'6h | 9°9Z | "es 
ooh | 0°9S  0°6F 
Ole | S°St | oc 
92°98 | 0°St | o°0F 


Ne) 
a 
eo 
Nn 


einyzeied 


-Wlaj, WooY pus sujod 
ainyeisdulay, yujodmoq 


-Ma(] UseMJo_ GoUsIEyIG] 
einzeledulay, yajod Meqy 


-Uley, WOOY pus yujod 
| -Moq] UseMIog eouslEgIC | 


| 
} 
| 
} 
| 


LW 
Tae 64 
GL°&% 
83°82 
GL°8s 

$°2t 


-moq] USXIMJogT GOUDIEYIC( 


-wlay, WOOY pus yujod 


| 


a 


g 
| 92°19 
9 
g 


| g°OL 
2°99 


| 

| 92°99 
| 1°89 
| out 
0°8 


| 


| 
| 


| 
| 


| 
| 
| 
| 
| 


amnyelsduley, yujod Meqy 


| 
| 
| 


einyeied 


-Wlay, WI0OY pu yujod 


99°12 
9% "1% 
| 92°02 
| 98°08 
92°61 
| $°6I 

2°6r 





“Mol Us0MJOg soUsIEyIC, 


PIT | 9°S8 | 92°6 GZS8 
ZL | 8°82 16 | 6°08 
6'OL | T'eL | 8S | BOL 
GL°OI 92°69 | 8°8 | STL 
o2°01 | 2°49 «-2°8 | $99 
FOI | 9'6¢ |. FS | 9'T9 
G2'OT \G2°F9 $28 2°99 


nw 
an 
“et 


ainyeied 
eq q 
| ainjwiod 
|-Wey, WI0OY pus yujod 
aanyeied 


eunyeied 
-Wey, WoOY pus yujod 


einzeied ule J, wedacg 
ainjelsdulay, yujod meq 
ainzverodulay, yujod ma 
eimyered i .L yarod a 
einjzeledulay, yasOdMeq 
einjzeledulay, yUjOdMeq 


-Moq] UsEMIJog sOUBIEyIG 
| “Mey, WooY pus yujod 
-moq] UseMIog soUZIEyIG, | 
-Moq UseMJoY soUeIEyIC 
| -Mocy Us@MJog GOUSIEBIC 
-ul9y, WOOY pus yujod 


| 


-Mocy W9eM OT soUaIB HT] 


| -uley, WOOY pus zujod 
| -Wleay, WoOOY pues yulod 


3 
2 
= 
= 
6 
> 
~ 
i=) 
ao 


¢¢ | 09 | 





ALIGINOY GALLVIAY AVINAUTT 


| -macq] UseMJog COUIEy IC. 


amnyaiodwWay, JU] OAMeq 


einjzuled 


-wiey, WOO" pus yujod 
| -maq] UeemMIo_ sIUsIEBIC, 


Ze] eimyeieduley, WOOY | SRRXSZ8B8S 


ainyeseduiey, yujOd Meq] 





SHUNLVUTIWNAL WOOU GNV ALIGINOH dO SAOVINGOUAd SNOIYVA WHOA 


ONIAMGINOH JO WALSAS UAIUNUVO NI GAUMLNOAY SHONTUAAAIG TUALVAACWAL ANV saunALVUAdWAL LNlOdMAd 


I AIavVL) } 





WILLIS H. CARRIER AND FRANK L. BUSEY 


under winter conditions, where the outside temperature is consider- 
ably lower than the room temperature and to dehumidifiers where 
it is possible to maintain a definite dewpoint temperature throughout 
the entire year. Outlets in the dewpoint air-conditioning are shown 
in Fig. 11. 

16 However during summer conditions the saturation point at 
the apparatus will frequently and unavoidably be higher than the 
required minimum dew point. Under such variable temperature 


TABLE 2 HEAT REQUIRED TO CONDITION 1000 CU. FT. OF AIR (MEASURED AT 
70 DEG. FAHR.) FROM VARIOUS ENTERING WET-BULB TEMPERATURES TO VAR- 
IOUS DEWPOINT TEMPERATURES 


At 70 Dea. Fanr., 30 Per | At70 Dec. Fanr.,40 Per Art 70 Dea. Faru. 50 Per 
Cent Humipity, Dewrornt, | Cent Humipiry, Dewpoint Cent Humipiry, Dew- 
37.25 Dea. Fanur. 44.5 Dec. Fanr. point 50.5 Dea. Faur. 


Sensible | Latent Total Sensible Latent Total Sensible | Latent | Total 
| Heat Heat Heat Heat Heat Heat Heat Heat Heat 


Wet-Bu.s Tem- 
PERATURE OF 
ENTERING AIR 


856 338 1194 981 471 1452 1086 567 1653 
984 802 444 1246 907 540 1447 

480 270 750 622 403 1025 730 498 1228 
203 510 443 336 779 550 433 983 

200 | 190 300 263 233 496 370 330 700 
82 96 178 190 194 384 


I 
SSos 


At 70 Dea. Fanr., 60 Per At 70 Dec. Faur., 70 Per  At70 Dea. Fanr., 80 Per 
Cent Humipity, Dewpornt | Cent Humipity, Dewrornt Cent Humipitry, Dew- 
55.3 Dea. Faur. 59.6 Dea. Fanr. POINT 63.5 Dec. Faur. 


| Sensible | Latent Total Sensible Latent Total Sensible Latent Total 
Heat Heat Heat Heat Heat Heat Heat Heat Heat 


Wet-Bu.s Tem- 
PERATURE OF 
ENTERING AIR 


| 


1161 699 1860 1243 801 2044 1310 935 2245 
991 1663 774 1840 1131 908 2039 
814 631 1445 | 733 1621 955 867 1822 
635 565 1200 667 1377 779 802 1581 
457 463 920 565 1097 600 700 1300 
276 603 430 783 423 564 987 

83 220 240 394 244 375 619 
63 181 


conditions it is necessary to control temperature with reference to 
the dewpoint according to system (c), and a humidifier is employed 
to give the air complete saturation under these conditions. One of 
the forms of differential thermostats which will be described later 
effects this control. 
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AUTOMATIC HUMIDITY CONTROL 


17 In many industrial installations where humidifying or dehumid- 
ifying systems are used, some means of positively and accurately 
maintaining the proper temperatures and humidities is essential. 
While much can be accomplished by hand regulation, this would 
require the constant attention of a highly skilled operator, which 
in most instances is impracticable. In many processes of manufac- 
turing, as, for example, the weaving of silk and in the conditioning 
of tobacco for the manufacture of cigars, a uniformity of humidity 














Fie. 10 Rotary STRAINER 


conditions is quite as essential as the quantity of moisture, as any 
variation in humidity, either above or below a standard, reduces the 
output and causes lack of uniformity in the product. In many cases 
a sensitive automatic humidity control is as important as some 
means of humidifying. There are three distinct methods by which 
such automatic control can be secured: 

a - By two separate thermostats, one of which, D, is placed 
at the humidifier just behind the eliminator plates shown 
at A (Fig. 2). This controls the temperature of the 
dewpoint, by an automatically operating valve or dam- 
per, governing a means of varying the temperature of 
the spray water, of the entering air, or of both in 
conjunction. The other thermostat, placed in the 
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Fig 12 Dewpoint THERMOSTAT 
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room where the humidity is controlled, maintains a 
constant room temperature, either by controlling the 
temperature of the air entering the room, or by control- 
ling some source of heat within the room. With these 
two temperatures maintained constant, the percentage 
of humidity in the room will remain constant, and will 
depend upon the difference between the dewpoint temper- 
ature maintained at the humidifier and the temperature 
maintained in the room, as previously shown in Table 1. 

b By a differential thermostat either of the form shown in 
Fig. 12, or as shown in Fig. 14. This type of dewpoint 
control is required wherever it is impracticable to main- 
tain either a constant dewpoint or a constant room tem- 
perature. In this method there are two elements, one 
of which is exposed to the dewpoint temperature, while 
the other is exposed to the room temperature. They 
are so connected that they act conjointly upon a single 
thermostatic valve connected with operating motors 
arranged to control the dewpoint temperature in rela- 
tion to the variable room temperature, or to control the 
room temperature with respect to the variable dewpoint 
temperature. 

c By means of some form of differential hygrostat as shown 
in Figs. 17, 21 and 22. This controls the wet-bulb tem- 
perature with respect to the dry-bulb temperature, so as 
to maintain a constant relative humidity without regard 
to the dewpoint or variation in room temperature. 


DEWPOINT THERMOSTAT 


18 The type of thermostat usually employed in maintaining 
a constant dewpoint is shown in Fig. 12. This consists of an outer 
expansive member A, usually brass, and an inner non-expansive 
member B of nickel steel. These two members are firmly connected 
at the end C. The other end of the inner member B is provided with 
a bronze valve D, ground to fit the adjustable valve seat EZ, supported 
by the member A. Compressed air is‘admitted through the con- 
nection F to the annular chamber G between the inner and outer 
tubes. As the outer member expands the valve D recedes from its 
seat, allowing the compressed air to escape into the outlet connec- 
tion H, which connects with the diaphragm valve controlling the 
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temperature of the spray water, so as to reduce the temperature of 
the dewpoint. When the dewpoint temperature falls below the point 
desired, the outer member contracts, closing off the air supply to the 














Fie. 13 Merartyic DIFFERENTIAL THERMOSTAT 


diaphragm valve, connected to H, and the air pressure to the dia- 
phragm motor is released through the adjustable vent J. This 
vent allows an air leak varying with the pressure on the diaphragm 
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motor. Therefore the relation of the area of opening through the 


valve D-E, to the constant area of the vent opening J, determines 
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Fie. 14 Sampiine Tuse or DIFFERENTIAL THERMOSTAT 


the graduated pressure on the diaphragm motor, at any instant. 


This is found in practice to give a very sensitive as well as positive 
control. 
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METALLIC DIFFERENTIAL THERMOSTAT 


19 The differential thermostat shown in Fig. 13, resembles the 
dewpoint thermostat in many features of construction, except that 
it consists of two expansible members operating conjointly, instead 
of one. The outer member A is subjected to the dewpoint tempera- 
ture at the humidifier, while the inner member B is subjected to a 
strong current of air drawn from the room to be conditioned by means 
of an aspirator or fan, through an insulated tube. The two members 
are insulated from each other by an annular space C, filled with min- 
eral wool. These two members are connected at the base P and act 
conjointly upon the double-ported valve, D-E. Compressed air is 
admitted to the chamber M through the connection F, and passes 
through the valve E to the chamber J, which is joined by the connec- 
tion G to the diaphragm motor closing off the supply of heat to 
the spray water. Whenever the difference between the dewpoint 
and the room temperature is greater than that for which the 
instrument is adjusted, by means of the dial, the outer member A 
contracts with reference to the inner member B. This closes the 
port EH, cutting off from the chamber J the supply of compressed air, 
simultaneously opening the port D, and allowing the air to escape 
from the diaphragm valve, which then operates to raise the tempera- 
ture of the spray water. 

20 The means employed for bringing the sample of air from the 
room to the thermostat is shown in Fig. 14. The sample of air 
is drawn through the insulated inner tube, while room air is also 
drawn through the annular space between this insulation and the 
outer pipe by means of a fan draft. This outer tube is also insulated 
outside of the room. The sampling tube usually connects with the 
thermostat at H, while the aspirator is connected at J. 


FLUID DIFFERENTIAL THERMOSTAT 


21 This type of differential thermostat (Fig. 15) is adapted for 
use where there are several floors to be controlled independently and 
conditioned from a central apparatus. The dewpoint member and 
room member each consist of hermetically sealed chambers filled 
with air or other fluid under pressure. The air or fluid in either of 
these members will tend to expand and will increase the pressure, with 
constant volume, in direct proportion to the increase of temperature. 
The pressure in the dewpoint member, B, is conveyed either directly 
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or proportionately to the diaphragm E of the differential thermostat 
C, through the differential relay D and connecting tube H. The 
room member A, which has an adjustable bulb J, connects through 
tube K to diaphragm F of the differential thermostat. The pressures 
or proportionate pressures in these two elements are thus opposed to 
each other through the lever N. Any unbalancing of pressures oper- 
ates the valve G, which is shown in detail in Fig. 16. So long as the 
temperature difference between the dewpoint temperature at the 
apparatus and the room temperature remains constant, the pressures 
on the diaphragms E and F will remain balanced and no movement of 
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Fia. 16 CoNsTRUCTION OF THERMOSTATIC VALVE 


the valve G will take place. If, however, an excess of moist air is 
admitted to the room, until its temperature is reduced to a point 
where the difference between it and the dewpoint temperature is 
less than the predetermined amount, the pressure on the diaphragm 
F will be less than the pressure on diaphragm EL. This will permit 
the valve G to operate, bringing pressure on damper motor L and 
closing the damper M, cutting off the supply of cool moist air. 

22 Adjustable bulb J, exposed to the room temperature and pro- 
vided with a dial, permits the thermostat to be adjused for any desired 
difference between dewpoint temperature and room temperature, 
and consequently for any percentage of relative humidity regardless 
of variation in room temperature. 
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23 The construction of the thermostatic valves G and G’ is shown 
in Fig. 16. Compressed air is admitted at A through filter F 
into the restriction chamber G, and also in a constant amount through 
restriction into chamber EF, connecting in case of the differential 
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Fic. 17 Carrier DIFFERENTIAL HyGROSTAT 


relay with diaphragm E, of the differential thermostat, and in case 
of the differential thermostat, with the diaphragm motor controlling 
damper M. Upon the lower side of the diaphragm lever D is a uni- 
formly ground and polished surface D’ which approaches or recedes 
from the nozzle C as the pressure on one diaphragm overcomes that 
on the other, increasing or decreasing the pressure in EF correspondingly. 
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DIFFERENTIAL HYGROSTAT 


24 In many instances the dewpoint system of humidity control 
cannot be applied to advantage. In such cases a differential hygro- 
stat may be employed. The differential hygrostat (Figs. 17 and 
18) consists of two members, one of which is subjected to the dry-bulb 
temperature of the room, while the other is subjected to the wet-bulb 
temperature. The expansive dry-bulb member A, and the wet-bulb 
member A’, of hard rubber tube, connected by levers F and G, oper- 
ate conjointly the valve lever E. Valve D and restriction B are 














Fig. 18 CarrieER DIFFERENTIAL HyGROSTAT 


similar in construction to the valve shown in Fig. 16 and operate in 
the same way. As will be seen from Figs. 19 and 20, the difference 
between the dry and wet-bulb temperature for a given per cent of 
humidity is not constant at different dry-bulb temperatures, i.e., 
a constant difference maintained between dry and wet-bulb temper- 
atures would not result in a constant percent of humidity during this 
change. For instance, with 50 per cent of humidity at a dry-bulb 
temperature of 70 deg. the wet-bulb temperature is 58.42 deg., a differ- 
ence of 11.58 deg. At 80 deg. the wet-bulb temperature is 66.65 deg., 
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or a difference of 13.35 deg. Thus it will be seen that the dry-bulb tem- 
perature has risen 10 deg., while the wet-bulb has risen but 8.23 deg., 
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Fieas. 19 anp 20 RELATION BETWEEN WET AND Dry-BuLB TEMPERATURE FOR 
DIFFERENT RELATIVE HUMIDITIES 


« difference of 1.77 deg. To compensate for this difference a change 
of leverage is effected, as indicated by graduations on lever G. An 
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adjustment H permits of regulation to any desired humidity. As 
shown in sectional view, a wick L’ covers A’, being moistened by 
water held in chamber M. A sufficient current of room air is drawn 
by means of an aspirator K, over A’ through chamber J. 





































































































Fig. 21 Improvep Form or CARRIER DIFFERENTIAL HYGROSTAT 


25 An improved form is shown in Fig. 21. It differs essentially 
in three features: (a) the air current is drawn over both expansive 
members; (b) the action of a portion of the expansive member, 4, 
is cut out in the adjustment instead of its action being decreased by a 
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change of leverage; (c) the unique feature of this form is that it re- 
quires but one adjustment. A differential thread is used, making it 
a compound adjustment. The pitch of the thread D, in A, is greater 
than the pitch of the thread on the adjusting screw. As the screw 
moves along to shorten A, sufficient to compensate for change 
of difference of dry and wet-bulb temperatures for varying dry-bulb 
temperature, as shown by graduations A and A’ acting conjointly 












































Fig. 22 Vapor Pressure HyGrostat 


through rocker arm B are carried back, so adjusting lever G, as to 
maintain the humidity for which the indicator is set. 

26 Vapor Pressure Hygrostat. Fig. 22 shows an improved form 
of hygrostat operated by the relative pressures of a volatile liquid 
subjected to the wet and dry-bulb temperatures. These vapor 
pressures act through suitable diaphragms upon a common lever 
at variable distances from the fulcrum. Referring to Fig. 22, A is 
the dry-bulb member, A’ the wet-bulb member, covered with a 
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wick or absorbent material and moistened by anatomized spray pro- 
duced by the atomizing nozzle M (Fig. 22, shown in detail in Fig. 23). 
A current of air is drawn over both the dry and wet bulbs by means 
of the aspirator, as shown in sectional view (Fig. 22). The vapor 
pressures in these bulbs are conducted to the corresponding diaphragms 
by means of tubes. Diaphragm B’ is connected with the wet bulb A’, 
and the diaphragm B connects with the dry bulb A. The diaphragm 
B’ acts upward on the lever G through the link H, while the diaphragm 
B acts downward at point G, between the link H and the fulcrum F. 
Fulcrum F, consists of a hardened steel ball having a rolling contact 
with the lever G, and the adjusting bar HZ. The adjusting bar E is 
moved by arack and pinion D-L. The scale in per cent of humidity 
is attached to the lever G, while the pointer is carried on the adjusting 
bar EF and therefore moves proportionally with the fulcrum. Any 
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Fic. 23 CoNSTRUCTION OF ATOMIZER USED IN CARRIER VAPOR PRESSURE 
HyYGROSTAT 


adjustment of F changes the relative leverage of B and B’; so that 
by adjustment of it any ratio of leverage may be secured. Any 
movement of the lever G operates the balanced thermostatic valve 
C, which controls the source of humidification. The particular 
fluid adapted for use in this type of instrument is sulphur dioxide, 
the temperature pressure properties of which are remarkably adapted 
to this purpose, as shown in Table 3 and Fig. 24. The ratio of sul- 
phur dioxide pressures corresponding to wet and dry-bulb tempera- 
tures is substantially constant at any per cent of humidity for any 
range of dry-bulb temperatures between 60 and 100 deg. This makes 
it possible to oppose the pressures at any desired ratio corresponding 
to the required per cent of humidity, where it will control throughout 
any range of dry-bulb temperatures. 

27 Recording Hygrometer. The same principle is applied to grea’ 
advantage in the recording hygrometer shown in Fig. 25. In this 
we have dry bulb A and wet bulb A’ connected respectively to dia- 
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Fig. 24 PsycHROMETRIC WET AND Dry-BuLB TEMPERATURES FOR VARIOUS 


PERCENTAGES OF HuMIDITY 


TABLE3 RELATIVE PRESSURES OF SULPHUR DIOXIDE VAPOR CORRESPOND- 
ING TO PSYCHROMETRIC WET AND DRY-BULB TEMPERATURES FOR VARIOUS 
PERCENTAGES OF HUMIDITY 


50 Per Cent 60 Per Cent 70 Per Cent 80 Per Cent 


Deg. Fahr. 

ture, Deg. Fahr. 
ture, Deg. Fahr. 
—2.75 Lb. 

ture, Deg. Fahr. 
ture, Deg. Fahr. 
—2.75 Lb. 


Dry-Bulb Temperature, 
SO: Pressure (Gage) 
Ratio of Pressures 
Wet-Bulb Tempera- 
SO: Pressure (Gage) 
Ratio of Pressures 
Wet-Bulb Tempera- 
SO: Pressure (Gage) 
Ratio of Pressures 
—2.75 Lb. 
Wet-Bulb Tempera- 
SO: Pressure (Gage) 
Ratio of Pressures 


SO: Pressure (Gage) 
Wet-Bulb Tempera- 


| 0.7479 . 21.80 0.8096 -28 23.300.8733 

0.7495 25.35 0.8144 .05 27.100.8775 

0.7489 . 28.95 0.8111 -63 31.050.8761 

0.7502 . 33.00 0.8134 -34 35.350. 8766 

0.7503 37.35, 0.8151 39.9510. 8762 

0.7507 ‘ 41.95 0.8151 44.850. 8754 

0.7502 46.90 0.8158 50. 15:0. 875% 

0.7503 k 52.05, 0.8139 55.85 0.8767 

70.20 . 7 0.7479 : 57.65 0.8139 61.95). 8777 
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Fic. 25 MErcHANISM OF CARRIER RECORDING HyYGROMETER 
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phragms B and B’, which act through the links, D and D’, upon the 
levers C and C’, which act upon ball-bearing fulcrums F and F’. 
The relative forces are transmitted from the levers C and C’ through 
the links E and E’ to the rocker arm G, which is firmly supported by 
minute ball bearings. To the rocker arm G, is connected the record- 
ing pen H. By referring to Table 3 and Fig. 24, it will be seen that 
any per cent of humidity may be represented at all temperatures by 
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Fig. 26 Leverage D1aGramM or CARRIER RecorDING HyGROMETER 


a pressure ratio. The rocker arm G acts as an evener. When it is acted 
upon by the stronger force of the dry bulb through the link EZ, it 
rotates toward C, decreasing the leverage of E and increasing the 
leverage of Z’, until the two moments are exactly balanced as shown 
in diagram Fig. 26. The angular deflection of the rocker arm will 
then indicate the ratio of pressures in the diaphragms B and B’. 
Therefore the angular deflection is constant for any percentage of 
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humidity regardless of temperature variations. The spring J has 
an important function as a compensator, both for the small pressure 
subtractions required to obtain an exact ratio, and for the slight resis- 
tance of the diaphragms B and B’. The latter compensation while 
exceedingly simple is effectual and complete, allowing for any amount 
of diaphragm resistance. This permits the instrument to give per- 
fect indications regardless of the temperature variations, or the weight 
of the material used in the construction of the diaphragms. 


ELEMENTS OF DESIGN OF HUMIDIFIERS AND OF AIR-CONDI- 
TIONING SYSTEMS 


28 The degree of saturation of the air leaving any type of air 
washer depends upon the intimacy of the contact of the air and water, 
and upon the relation of the water temperature to the wet-bulb 
temperature of the entering air. It also depends to some degree 
upon the length of the spray chamber as well as upon the velocity 
of the air passing through it. With the centrifugal type of spray 
nozzles the water pressure is a most important element affecting the 
degree of saturation. Fig. 27 shows the humidifying effect secured 
with various velocities and at different pressures on the spray nozzle, 
in a standard humidifier having four #;-in. orifice centrifugal spray 
nozzles per sq. ft. These data were obtained from a test in which 
the wet-bulb depression of the entering air was maintained constant 
at 16 deg. It will be noted that an increase of 23 lb. per sq. in. in 
the spray pressure permitted a greatly increased velocity with per- 
fect saturation, an effect which was undoubtedly due to the increased 
fineness of the spray rather than to the increase in the amount of water 
discharged. In this test, as in all standard humidifiers, the water 
was discharged in the direction opposite the air flow, which greatly 
increased the efficiency of saturation. 

29 When the spray water is recirculated without heating as in 
warm weather, it remains at all times substantially at the wet- 
bulb temperature of the entering air while the wet-bulb tempera- 
ture of the air leaving the washer or humidifier is unchanged. 
Therefore it follows, in conformance with the theory, that when thie 
air is completely saturated as in the humidifier the air is cooled to 
the wet-bulb temperature of the incoming air. This cooling effect 
is due to the transformation of sensible heat into latent heat of evap- 
oration and is therefore in direct proportion to the moisture added 
to the air. The wet-bulb depression in atmospheric air averages 
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from 12 to 15 deg. in summer, while occasionally a depression of 20 
to 30 deg. is found in extremely hot and dry weather. In every case 
the humidifier will cool the incoming air a corresponding number of 
degrees. 

30 When saturation is incomplete, as in the ordinary air washer, 
the wet-bulb depression of the air leaving the washer is found to be a 
constant percentage of the initial wet-bulb depression, when the air 
velocity remains constant. 
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Fic. 27 Errect oF Spray PRESSURE AND AIR VELOCITY UPON THE DEGREE 
or Saturation. IniT1AL Wet-BuLs DeEpREsSION = 16 Dea. Faugr. 


31 It also follows that the cooling effect is a constant percentage 
of the initial wet-bulb depression. This may be expressed by the 
formulae 


b—t’ 

Re 
—< . v 
AW 4 =1-R=E fase dis ee (2) 


where 
t’=constant wet-bulb temperature 
t,=temperature of air entering washer 











AIR CONDITIONING APPARATUS 


t,=temperature of air leaving washer 

R=constant ratio depending upon intimacy of contact, air 
velocity, etc. 

1—R=E=efficiency of saturation 


POWER REQUIRED FOR OPERATING HUMIDIFIERS 


32 Table 4 exhibits the power required to saturate 1000 cu. ft. 
of air per minute at various velocities. This is based on overcoming 
the resistance of the humidifier, using a fan with a static efficiency 
of 45 per cent, a fair value. 


TABLE 4 RESISTANCE OF CARRIER HUMIDIFIERS AND HORSEPOWER 
REQUIRED TO HUMIDIFY 1000 CU. FT. OF AIR 


Horsepower to | Horsepower for) +4) Horse- 


Velocity through Move 1000 Cu. | Spray per 1000 


ired 

Spray Chamber | Resistance in Resistance In F¢, Air per Min.| Cu. Ft. of Air POWer Requ 

in Ft. per Min. In. of Water Oz. per Sq. In. At 45 Per Cent| (#¢ Orifice P& — Ft. 
Fan Efficiency Nozzle) 


350 0.112 0.0647 0.0391 | 0.1408 0.1799 
400 0.147 0.0850 0.0513 | 0.1231 0.1744 
0.186 0.1075 0.0652 | 0.1095 0.1747 
0.229 0.1322 0.0800 | 0.0985 0.1785 
0.277 0.1600 0.0968 | 0.0897 0.1865 
0.330 0.1906 0.1150 | 0.0822 0.1972 
0.387 0.2240 0.1350 | 0.0758 0.2108 
0.450 0.2600 0.1570 0.0704 0.2274 
0.516 0.2990 0.1810 | 0.0658 0.2468 


33 This does not include the power required to overcome the 
resistance of the ducts, which varies considerably, but which should 
not exceed that required for the humidifier. The resistance of the 
heating coils is not considered, because in summer when the largest 
supply of air is usually required the air is by-passed around the 
heaters, while in winter the requirements are so much smaller that 
the total horsepower is greatly reduced and the total resistance is but 
slightly increased. 

34 The power required to pump the water is based on the use of 
centrifugal pumps giving 55 per cent efficiency and using 7-in. ori- 
fice nozzles with rotary self-cleaning strainers. 


RELATION OF COOLING EFFECT TO PERCENTAGE OF RELATIVE HUMIDITY 


35 In the moist air system of humidifying it is evidently essen- 
tial, as shown in Table 1, that the difference between the dewpoint 
temperature of the incoming air and the room temperature 
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shall not exceed a predetermined value depending upon. the per- 
centage of humidity to be maintained. The minimum temperature 
at which air can be introduced is evidently the dewpoint or 
saturation temperature at the apparatus. This permissible temper- 
ature rise limits the possible cooling effect to be obtained from 
each cubic foot of air as shown in Table 5. This relationship is of 
primary importance in the design of the humidifying system and the 
disregard of it has been the chief cause of failure or of unsatisfactory 
operation. 

36 In the majority of industrial applications the problem during 
warm weather, and in some instances throughout the entire year, is 
as much a question of cooling as of humidifying. Indeed, in the 















TABLE 5 COOLING CAPACITY OF CARRIER HUMIDIFYING SYSTEM 


. | Cu. Ft. of Air at 70 Deg. Fahr. 
Difference between Dewpoint 
Per Cent Humidity in Room and Room Temperature Required a Stn. Cooling 



















20.3 


2.71 
55 17.7 3.11 
60 15.2 3.63 
65 12.8 4.31 
70 10.8 5.10 


6.27 






moist air system, as has just been shown, one is dependent on the 
other. In every industrial air-conditioning plant there are four sour- 
ces of heat which must be taken into account in the design of the sys- 
tem: 

a Radiation from the outside owing to the maintainence of a 
lower temperature inside. At ordinary humidities this 
is negligible, but at high humidities and in dehumidifying 
plants it is an important factor, owing to the increased 
temperature difference. This may be calculated from 
the usual constants of radiation. 

b The heating effect of direct sunlight. This is especially 
noticeable from window shades and exposed windows and 

skylights where the entire heat energy of the sunlight is 
admitted to the room, and from the roof which consti- 
tutes the greater amount of sunlight exposure and which 
in the ordinary construction transmits heat much more 
readily than the walls. Precautions should be taken 
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- where high humidities are desired to shade exposed win- 
dows and to insulate the roof thoroughly. Ventilators 
in the roof are of great advantage in removing the hot 
layer of air next it and those of ample capacity should 
always be provided. 

c The radiation of heat from the bodies of the operatives. 
This amounts to about 400 to 500 B.t.u. per operative, 
about one-half of which is sensible heat, the other half 
being transformed into latent heat through evaporation. 

d The heat developed by power consumed in driving the 
machinery and in the manufacturing processes in general. 
According to the laws of conservation of energy, all power 
used in manufacturing is ultimately converted entirely 


TABLE 6 POSSIBLE ROOM TEMPERATURES OBTAINABLE IN CARRIER SYS- 
TEM OF HUMIDIFYING, AT VARIOUS OUTSIDE WET-BULB TEMPERATURES 
AND VARIOUS PERCENTAGES OF HUMIDITY IN THE ROOM 

] 


Percentage Humidity in Room 


Outside 
Wet-Bulb : 
Temperature 85 


82.8 
87.2 
93.7 
99.1 


into its heat equivalent. Each horsepower of energy 
therefore creates 425 B.t.u. of heat per minute which 
must be cared for by ventilation. In high-powered mills 
this is the chief source of heating and is frequently suffi- 
cient to overheat the building even in zero weather, thus 
requiring cooling by ventilation the year round. 


RELATION OF ROOM TEMPERATURE TO OUTSIDE WET-BULB TEMPERATURE 


37 During cool weather the dewpoint or saturation temperature 
at the apparatus is secured and controlled artificially at whatever 
point required. During warm weather, however, it is impossile 
during the greater part of the time to obtain as low a dewpoint «is 


} 


desired without refrigeration, which in the majority of cases of humi:|- 
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ifying is impracticable. The lowest saturation temperature that can 
be obtained is the same as the outside wet-bulb temperature, as has 
been shown. Therefore, the dewpoint in the room will always be 
the same as the outside wet-bulb temperature. Since the difference 
between the dewpoint and the room temperature is dependent upon 
the percentage of relative humidity maintained, the minimum room 
temperature and the percentage of humidity required in the enclosure 
will be as shown in Table 6. It will be noted that the higher the 
humidity carried, the lower the room temperature may be kept. 


TABLE 7 B.T.U. REFRIGERATION REQUIRED TO COOL 1000 CU. FT. OF AIR 
(MEASURED AT 70 DEG.) FROM A GIVEN WET-BULB TEMPERATURE TO A 
GIVEN DEWPOINT 


Entering Wet-Bulb Temperature 


Compared with Horse- 
arte Required at 
Rated Suction Pressure 
of 15 Lb. Gage 


Suction Pressure (Gage) 

Per Cent Compressor 
Ratings at 15 Lb. 

Per Cent Horsepower 


2 2 
Ss 

z| 3 
5 & 
A 4 
af 
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359 569 | 791.0,1050.0 
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ELEMENTS OF DESIGN OF SPRAY TYPE OF DEHUMIDIFIERS 


38 Dehumidifiers may be of the spray type previously described 
or of the surface type. A knowledge of the relation of water temper- 
ature to the leaving air temperature in either type is essential. In 
the spray type of one stage having two banks of opposed nozzles, the 
air temperature leaving is practically identical with the temperature 
of the leaving water, the difference never exceeding 1 deg. in a prop- 
erly designed apparatus. The air will always be saturated when 
leaving and under some conditions there is a slight tendency to en- 
trainment even after thorough elimination. 

39 The degree of entrainment is dependent upon the range of 
temperature of both the air and the water. In general the smaller 
the temperature range, the greater the tendency is to moisture 
entrainment or supersaturation. This may be reduced where a 
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considerable lowering of air temperature is required by passing it 
successively through two or more dehumidifiers in series. When 
the system is properly designed the entrainment should not be 
sufficient to raise the true dewpoint temperature more than 1 deg. 


REFRIGERATION REQUIRED FOR DEHUMIDIFYING 


40 The heat to be removed in cooling a known weight of air from 
a given temperature and moisture content to a given dewpoint tem- 
perature is evidently the difference of the total heat quantities con- 
tained in the air under these respective conditions. These values 
of total heat are given in Figs. 1 and 2 of the accompanying paper on 
Rational Psychrometric Formulae.' It is there shown that the total 
of latent and specific heat in 1 lb. of pure air is dependent upon the 
wet-bulb temperature only. Table 7 shows the amount of refriger- 
ation required to cool and dehumidify 1000 cu. ft. of air between 
various given wet-bulb temperatures and final dewpoints. 

41 The amount of water required to cool air in a one-stage spray 
system dehumidifier may be calculated from the foregoing data 
as follows: 


W (tw—t) = (Hi— Ha) =N(t'1—t) = 


=e (Fe) oe 
iat) oF 


w=n( 


tw—t, 


W =weight of water in lb. 

N =weight of air in lb. 

tw =initial water temperature 

t’, =initial wet-bulb temperature of air 

t, =final dewpoint temperature of air 

H, = initial total heat in 1 |b. of air at wet-bulb temperature, ¢’ 

H:2=total heat in 1 lb. of air at final dewpoint & 

a. = approximate rate of total heat change at the given tem- 
perature per degree change in wet-bulb temperature, ¢’ 


42 To find the final temperature possible with a given weight of 
water and of air at temperature tw and t’,, respectively, we have from 


[3] 
The Journal, November 1911, p. 1309. 
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ECONOMY OF THE SPRAY TYPE OF DEHUMIDIFIER 


43 The chief advantage, aside from economy of space, of the 
spray type of dehumidifier over the surface type, lies in its ability 
to bring the spray water and the air to substantially the same tem- 
perature, while in the surface type there is usually from 15 to 25 deg. 
difference. This permits a much increased efficiency of cooling 
with the spray type where artesian well water is used. When the 
spray water is cooled by artificial refrigeration, using the compres- 
sion sygtem, this higher water temperature permits a much increased 
ammonia pressure in the water cooler, often doubling the absolute 
pressure. As shown in Table 7, this increases the capacity of the 
ammonia compressor correspondingly and greatly reduces the horse- 
power required per ton of refrigeration. The ammonia condenser, 
of course. remains unchanged. 


HEAT INTERCHANGER 


44 When the reduction of the moisture contents is of more impor- 
tance than the cooling effect, a heat interchanger or economizer may 
be used to great advantage. In this apparatus the cold air leaving 
the dehumidifier is passed through the inside of a system of tubes 
while the warm incoming air is passed over the outside of these tubes 
and in the opposite direct on. This permits an effectual transfer of 
heat, often cooling the incoming air to a lower temperature than that 
of the dehumidified air leaving the interchanger. The saving effected 
in this way is often more than one-third of the total refrigeration. 
The calculation of the dehumidifying surface required may be effected 
by the use of the formula for heat transmission given in a Par. 91. 
Precaution must be taken in this calculation, however, to note that 
the convection resistances on each side of the surface must be taken 
into account, as the rate of heat transmission is greatly reduced on 
this account. 
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AIR COOLING AND DEHUMIDIFYING WITH COOLING COILS 


45 Calculation of the cooling effect of condensing coils for differ- 
ent velocities through the clear area and various temperature differ- 
ences is fully discussed under the theory of convection in Par. 62 to 75. 
The same formulae may be applied in both cases. 

46 Condensing coils give a much more rapid rate of conductivity 
per degree difference in temperature than steam coils, owing to the 
additional effect of condensation. This relationship however has 
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Fie. 28 Heat TRANSMISSION FROM STEAM TO WATER 


never before been investigated nor have there been any data pre- 
viously available. The fact that the moisture contents of the air 
may be greatly reduced without leaving it saturated is explained and 
means for the accurate calculation of the moisture contents are given. 

47 Where the air is simply cooled and no condensation takes place, 
the rate of heat transmission from cooling water to air is the exact 
inverse of the sum of the convection resistances of both the air an 
the water films. 

48 We have the rate of heat conduction between steam and wate: 
approximately given by the curve shown in Fig. 28, as plotted by th: 
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authors from condenser tests. This gives for the rate of conductivity 
for steam to water 


1 


0.000394 + — 


where V = velocity in ft. per sec. 
49 When Vw = velocity of the water in feet per minute, the resis- 
tance through a conducting wall from steam to water is 


> =0.0003044 9:18 


Ry= 


Vw 

Of the constant factor, 0.000394, the resistance between the surface 
films, probably considerably less than one-half is due to the water 
film alone, or less than 0.0002. For heat transmission from steam to 
air we have, as shown later 


; 1 





K,=— 


0.0447 2™ + 20.66 


625 
where 
6’m =mean absolute temperature of air film 
Vo=velocity through clear area (measured at 70 deg.) 
50 Therefore we have for the convection resistance from steam 
to air 


1 v. 
— = 0.0447 —— + ——_ 


kz= Ky 625 


51 If we take 60 deg. fahr. or 520 deg. absolute as a fair 
average mean temperature of the air film, we will have 


1 50.66 
Ry = ie 0.0373 + Vv, 

52 It is noticeable that the combined resistance of the steam and 
air films is 100 times as great as the resistance of the combined steam 
and water films, and hence very probably more than 200 times as 
great as the water film alone. 

53 We may take as the entire convection resistance between air 
and water, when there is no condensation 
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| Ry = 3 + jg = 0.0002-+ 0.0873 + ae = [12] 
| oy 0.153 bo 
Ry = K = 0.0375+ Vw + Voc [13] 









where 
Vw=velocity of water through cooling pipes in ft. per min. 
Vo=velocity of air through minimum clear area between 
pipes in ft. per min. 
54 The heat transmission then between air and water when no 
condensation occurs for any initial and final temperatures will then 
be, in B.t.u. per hour, 












(Oa, — Ow.) — (Oa. — Ow) ; 
(0. 0. = + 50.66) loa? =) 
Vw o / Oa; wee Ow, 
When D is the mean temperature difference between steam and 
air, (0,,—w,) is the initial temperature difference between air and 


water. The final temperature difference between air and water is 
(0,,—®w.). (See Appendix No. 2.) 





H= ... [14] 
























RATE OF TRANSMISSION BETWEEN AIR AND WATER WHERE CONDEN- 
SATION OCCURS 









55 Whenever the relation between the water temperature and 
the temperature of the air is such that the film temperature is below 
the dewpoint, then condensation will occur. The air in the surface 
film will always be saturated at the temperature of the surface film, 
while the main body of the air passing through the heater may be 
considerably above the saturation point, even after considerable 
moisture has been condensed out from it, the final state of the air 
being simply the result of a mixture of air saturated at the mean film 
temperature with the main body of the air. For proof of this, see 
the discussion of the laws of convection in Pars. 62 to 75. 

56 Actual tests with condensing coils, as well as the theory, both 
indicate that the resistance of the surface film of the air and the tem- 
perature of the surface film are in no way affected by the condensa- 
tion of moisture. However, the rate of convection from the water 
to the conducting wall is proportionately affected by the increased 
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amount of heat transmitted, on account of condensation. As the 
effect of the rate of convection from water to the conducting wall is 
relatively slight, it may be neglected in approximate calculations, and 
the cooling effect upon the air will be approximately the same as 
though no moisture were condensed. The rate of heat transmission 
in a surface dehumidifier will be increased in proportion to the amount 
of heat given up by condensation. Proper allowance must of course 
be made for the increased rise in water temperature. 

57 The total rate of heat transfer may be calculated more accur- 
ately by taking into account the increased rate of transmission from 
the conducting wall to the air as follows: 


H= (0, — Ow) mean 





- s OS oss pial aids 15 
(i+ m) Rew + Rea (see Appendix No. 4) [15 
Be > oa fa) meee =, Ee [16] 
1 : } 5 : 
( + m) Vw |+ |0.0375-+ . | 
} (Oa, ey 6w,) ey (Aa, gg Ow.) os 
2° “ane va [17] 
(1+ m) 0.153 =a] (*e — Ow, 
L Vw slacaaiaaies Vo loge 6a, — Owe 
where 
A (latent heat per lb. of air) 
m= 





A (sensible heat per Ib. of air) 


MOISTURE CONTENT OF AIR LEAVING SURFACE DEHUMIDIFIER 


58 As we have previously shown, air leaving the surface dehumid- 
ifier need not necessarily be saturated, even though the moisture 
content be considerably reduced. Let 4,4, be the initial air tempera- 
ture and @,, be the final air temperature. Let W, be the initial 
weight of water in a pound of pure air, and Wz be the final weight 
of water contained in 1 lb. of pure air. Let 6m be the mean tempera- 
ture of the surface film, for calculation of which see Appendix No. 2. 
Let W’'m be the weight of water contained in one pound of pure air 
saturated at the mean film temperature. Then we will have 


2 = (1 — X) 0+ XO'm 
W. = (1 —X) Wit+ XW'n 
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Hence eliminating X we will have 


Wi-We_ Wi-W'm 


6, = 5 6,— C=: 


W.= Wi= (Wi-W m) (61— @2) 
6;—0 m 


RATE OF HEAT TRANSMISSION IN INDIRECT SURFACE AIR 
HEATERS AND DEHUMIDIFIERS 


59 An essential element in air-conditioning apparatus is the indi- 
rect radiation necessary to warm the air after saturation in the humid- 
ifier. In systems where the air is required for ventilation only, 
and the heating is effected by separate radiation, as in many of the 
larger installations, it is necessary to use indirect radiation only for 
the purpose of warming the air from the dewpoint temperature to 
approximately room temperature. In the majority of installations, 
however, the air is heated by means of indirect radiation to the point 
required to maintain the proper room temperature. 

60 The temperature to which this conditioned air must be heated 
evidently depends on the outdoor temperature and upon the temper- 
ature difference to be maintained between the room and the dewpoint 
of the air supply, as required by the humidity control. On this 
account data pertaining to the proper design of such an indirect heat- 
ing surface are of especial importance. These data are also applied 
in air conditioning to the design of surface coolers, dehumidifiers, 
and interchangers. 

61 The factors of importance in such a design are the relation of 
free area to heating surface; the rate of heat transmission for various 
velocities through the clear area, and various temperature differ- 
ences between the air and heating medium; and the resistance of 
the heater to the passage of air. The following experimental and 
mathematical investigation was conducted for the purpose of estab- 
lishing these relationships, as very little authoritative information is 
at present available on this subject. 


THEORY OF CONVECTION WITH FORCED CIRCULATION 


62 The accompanying diagram, Fig. 29, presents a graphica! 
representation of the process of the heat transfer from steam to air 
through conducting wall. Experimental investigation leads us tv 
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conclude that the exterior of the conducting wall is covered with a 
surface film into which heat passes directly from the conducting 
wall, and whose resistance to the passage of heat is independent of 
the velocity of the convecting medium; but it is a direct function of 
the density and specific heat of that medium. 

63 The total resistance of the surface film of the steam, of the 
conducting wall, and of the surface film of the conducting medium, 
may therefore be represented by a constant R, which is independent 
of the temperature difference between the steam and the convecting 
medium, and of the velocity of the latter. 


Q Steam Temperature 60, S 
Yi, (Y 17, Yih Api YU IIA APY, 7 “pf ff, 


Surface Film/ 








Conducting Wall’ 


a 
€ 














Fig. 29 IpgEAL DIAGRAM ILLUSTRATING THE THEORY OF HEAT 
TRANSMISSION 


64 Experimental investigation also indicates that heat is trans- 
ferred from the surface film to the main body of the convecting me- 
dium, that is to the air, entirely by displacement. Particles of air 
in the surface film are displaced by impact, due to the velocity of the 
air over the surface, and are thus mixed with the main body of the 
air. This displacement may be shown to be in direct proportion to 
the velocity. The rate of heat transfer from the surface film to the 
air is therefore directly proportional to the product of the velocity 
and temperature difference between the film and air. 

65 Let 6, represent the steam temperature, the distance OS 
the extent of surface over which a unit of air passes progres- 
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sively. Let 6; 6 represent the progressive air temperatures with 
reference to the steam temperature 6s, and the line 6’; 6’2 the corre- 
sponding surface film temperatures. Then 6,— 6 represents the dif- 
ference between air temperature and steam temperature at any 
instant, and 6s — 6’, the corresponding difference between the steam 
temperature and the film temperature. 

66 The foregoing theory may then be stated mathematically as 


dH 1 


dt oR 
dH . ' 
where a the rate of transfer of heat per unit of surface through 
the resistance R of the separating wall and surface films of steam and 
air. Assuming that this rate is proportional to the difference in 
temperature between the two films, from [22] we have 


12. pen 
6 =0,—f- 7 
67 According to both theoretical considerations and experimental 
evidence R probably varies inversely with the density of the air film. 
Hence with increased temperature of the surface film we would expect 
R to be increased. This variation, however, for approximate cal- 
culatio.s is negligible, although in exact calculations a correction 
must be made. This correction becomes important when the tem- 
perature range is great. 
68 Assuming the number of particles from the surface film tobe 
directly proportional to the velocity, the rate of heat convection from 
the surface film is 


dH _ CyWV(6’ — 8) 
dt B 


where Cy) is the specific heat of the air in the surface film, W is the 
density of the air at the temperature 6,, V the velocity in feet per min- 
ute through the clear area, and B a constant to be determined exper- 
imentally, dependent upon the path of the air and upon the form and 
arrangement of the convecting surface. 

69 From [24] we have 


6” B dH 


Equating [23] and [25] we have 
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B dH 
(o-wyt®)S “ss 


dH _ __ 90 
dt B 
E+ Go wY 
70 Let Wo and Vo be the corresponding densities and velocities 


of the air at an absolute base temperature 0) and let @ be the abso- 
lute temperature of the air corresponding to W and V then 


Wo% V0.0 im > 
wy = (Mat) (Ye!) war, 


Hence, substituting in [27] we have 


dH 6,~0 
at B 
Eto WV. 


which ‘shows that the term a is unaffected by variation 
C,W.V° 


in temperature; and assuming FR constant, that ef is directly 


proportional to the difference in temperature between steam and air. 
71 Therefore, let K be! the rate of transmission in B.t.u. per 


sq. ft. per hour per degree difference in temperature between the 
steam and air. Then 


72 Let Hs be the total heat transferred per hour from a surface 
S, then 


H, => K (4.— 6) S 
dH, =K (6,— 0)dS 
Also 
dH, = CypGd (4s _ 6) 
where 


G=weight of air per hour passing over the surface S. 
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73 Equating [32] and [33] we have 
K (0,— 0) dS = — CypGd (0, — 8) 


Integrating between limits (6, — 6) and (6, — 6) and between O and 


S, we have 
° r* (@s— 61) ial 
{Kas --| CpGd (6.— 8) 
8 (0s—62) 


KS = CpG loge (= 


8 
where 


A = clear area through heater having surface S 
V =velocity in ft. per min. through clear area 
W =density of air in lb. per cu. ft. 


G=60 AWV =60 AW.Vo 


lo (<< 4 — K a 
be \6,—6,/ 60C,AWoVe 


Hence 


Changing this to common logarithms 


lo (< _) = KS 
© \0,—0,/ (2.3026 X60)C,AWiV. 
74 From [29] we have 


1 
B 
C,WoVo 
og (=") Tere a eae 
Ga 6 (2.3026 x 60) AC,W. (RV. ? C = 
p °o 


K= 
R+ 


_ Ss 
~ (2.3026 X 60) (RC,Q + BA) 


where Q = cu. ft. of air per minute at standard temperature. 
will also reduce to ; 
ha 
log (“ 5) = f 


6,— 4, mV+n 
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where 
im = : 
f= q risa constant, and m is substantially a constant except 
as varied by change in the absolute temperature of the 
surface film. 





SURFACE FILM TEMPERATURE 


75 From equation [23] we have for the surface film temperature 


BT I a IT a 
or 


¢’ 





From equation [28] 


Substituting this value in equation [23] we have 
6,—0 


B 
E+ ow.v. 


ir Sean Wetin [42] 


Hence 
O = @&— BK (0. — 0)... 2.2 ccc cece eee 








1 (t— 0" 
a ad 44] 


Also 
6,— 0 = RK (0.—0)............0005- [45] 


i.e., the difference between the steam and film temperature is propor- 
tionate to the difference between the steam and air temperatures 
when RK is constant, hence approximately so when Vo is constant. 


EXPERIMENTAL DETERMINATION OF THE LAWS OF CONVECTION 








76 We will now proceed to determine the constants in the fore- 
going equations and give the experimental evidence by which the 
above theory may be corroborated. Table 8 gives the observed and 
corrected results from ten heat transmission tests conducted upon 
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eight sections of fan system heaters each section being composed of 
four rows of 1-in. wrought-iron pipe, making a total depth of 32 rows 
of pipe. Details of the heater construction are shown in Fig. 30. 


For complete description of tests and corrections applied see Appen- 
dix No. 1. 
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Fic. 30 Derait or HEATER CONSTRUCTION 


77 Curves shown in Fig. 31 are plotted from the values given in 
column 2 of each test in Table 8, which give air velocities through the 
clear area based on actual air measurements corrected to correspond- 
ing volume at 70 deg. fahr. and 29.92 in. barometric pressure. The 
lower curve gives the rate of heat transmission as determined from 
the condensation. The upper curve gives the corresponding values 
as determined from observed air measurements. These two curves 
show a uniform discrepancy of approximately 8 per cent, as indicated 
in Fig. 32. As both the temperature and condensation measurements 
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were made with considerable care, and since the per cent of error is 
substantially uniform at all velocities, it is evident that a systematic 
error was made of 8 per cent in the measurement of the air volume. 
This may be accounted for in large measure by the fact that no allow- 
ance was made for the coefficient of the discharge orifice. Accord- 
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Fig. 31 Errect or VELOCITY UPON RATE OF TRANSMISSION FROM ORIGINAL 
Arr MEASUREMENTS 





ingly both the rate of transmission from the air measurements and 
the corresponding velocities have each been reduced 8 per cent. 

78 From these corrected values and from the condensation, the 
combined curve shown in Fig. 33 has been plotted, showing a remark- 
ably close agreement of both values, thus thoroughly establishing 
the true form of the curve. 
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COEFFICIENT OF TRANSMISSION 


79 From the above data we may calculate K, that is the rate of 
transmission per square foot per degree difference in temperature 
at the various velocities, providing we may assume, as in the fore- 
going theory, that the rate of transmission at any instant is propor- 
tionate to the temperature difference between the steam and air. 
To establish this relationship Table 9, containing the corrected test 
data on the individual sections, is given, and also Fig. 34 in which the 
transmission curves are plotted from the values in Table 9. These 
curves have been derived through the well-known systems of fairing, 
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Fic. 32 PERCENTAGE OF ERROR IN AIR MEASUREMENTS AS COMPARED WITH 
CONDENSATION 





400 600 1000 
Velocity through Clear Area 


and of cross and increment plotting, until they represent the most 
probable relationships to be determined experimentally. 

80 From Fig. 34 the B.t.u. values given in the second column of 
Table 10 have been taken. Values exhibited here are taken at a 
velocity of 1000 ft. per min. through the clear area. While compari- 
sons are given here for only one velocity, it should be understood that 
the same comparisons have been made at other velocities. Column 
3 gives the temperature rise in each consecutive section, as computed 
from the experimental rate of transmission given in column 2, this 
relationship being expressed by the formula 
2 H’S 
~ 60C,AWVo 
where H’ = B.t.u. per hr. per sq. ft. The fourth column gives the 


0. — 0, 
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computed temperature leaving the consecutivesections. From column 
4, columns 5 and 6 are computed. Column 7 gives the ratio of the 
initial temperature difference between steam and air to the final tem- 
perature difference between the steam and air, for each consecutive 





, , . ——— ‘ - &— 6 
section. From this comparison it will be seen that this ratio - —- 

.- 
is substantially constant in all sections, for any one velocity, regard- 
less of the variation in the entering temperature. If the rate of trans- 
mission per degree difference in temperature between steam and air 
was absolutely constant at any one velocity, it could be shown from 


equation [38] that the ratio of res : for any section as well as 
a as W% if 


log z 2 would also be absolutely constant, and conversely. 
5” we 













se nin sat ptm aen ein 
a . 


TABLE 9 B.T.U. PER SQ. FT. OF SURFACE PER HR., CALCULATED FROM 
CONDENSATION 


REVOLUTIONS Per MINUTE 






Section 80 120 | 160 200 240 280 | 320 | 360 360 | 400 a 
Number oe ete oe la ee ee en eae De ii ‘e 
Observed Velocities Corrected to Standard Conditions and Reduced 8 Per cent : 


| | : ; ‘ 
254 345 459 576 741 838 | 945 1044 1072 1183 a 










1 912 1060 1278 1518 1670 1780 2029 2205 | 2130 2300 
2 713 | 880 1110 1311 | 1458 1705 1800 1785 1938 2135 
3 | 546 | 697 915 1089 | 1224 1397 1545 1735 1680 1830 
4 453 | 579 783 944 | 1060 1229 1387 1570 1510 1640 
5 386 499 685 | 836 971 1099 1238 1420 1358 1425 
6 268 | 379 544 | +669 | 801 918 1020 1178 1143 1271 
7 241 | 321 460 571 | 695 805 911 1063 | 1040 1165 
8 196 | 267 388 486 | 604 700 801 950 920 1018 
| 













81 It will be seen, however, from column 8, that log - o . ; } 

a ae it 

decreased regularly from the first to the last section. Column 9 l # 
gives the absolute film temperature as calculated from formula [43]. Ha i 


From this it will be seen that log = while varying inversely } 

s~ Y2 } 
with the absolute film temperature, varies at a much less rapid rate. 
Column 12 gives the value of K, the factor of transmission, as calcu- 
lated from the values in column 8 according to formula [36]. From 
the experimental constants, determined in the manner to be de- 
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scribed later, we are able to calculate the variations in the value of 
R, (according to formula [29]) as shown in column 13, from the values 
of K as determined from the tests. In column 10 the variations in R 
have been calculated on the assumption that the film resistance is 
directly proportional to the absolute film temperature. The sub- 
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Fig. 33 ComMBINED CURVE SHOWING RATE OF TRANSMISSION FROM CON- 
DENSATION AND AIR MEASUREMENT CORRECTED FOR 8 PER CENT ERROR 
IN Arn MEASUREMENTS 


stantial agreement of the values thus calculated, with the values of 1’ 
in column 13, as calculated from the tests, is thus conclusively demon- 
strated. In column 11 the value of K has been calculated from for- 
mula [29], using the values of R as calculated from the film tempera- 
ture. The close agreement of these values of K as calculated from the 
formula may be shown by comparison with the values of K as deter- 
mined from tests in column 12. 
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82 The same substantial agreement having been verified at other 
velocities, we are warranted in asserting that the value of R varies 
directly as the calculated absolute film temperature, where R is the 
resistance of the surface film to the transmission of heat. The value 
of R as used in these calculations includes not only the resistance of 
the surface film of air, but also the surface film of steam and of the 
conducting wall. However, as has been proven by experiments in 
heat transmission from steam to water (see Fig. 28), this resistance is 
less than one per cent of the resistance of the air film. Therefore 
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ria. 34 Rate or TRANSMISSION IN CONSECUTIVE SECTIONS OF HEATER AT 
Various VELOCITIES 


we may take the entire resistance R as varying directly as the abso- 
lute film temperature, with negligible error. 


DETERMINATION OF THE VALUES R AND B 










83 As shown in the preceding paragraph, the absolute values of 
R are dependent upon the film temperature, but in order to calcu- it 
late this film temperature we must first know the approximate values Na 
of both R and K. These values were first determined approximately 
for different velocities by assuming R to be constant, that is K to 
be constant, for any fixed velocity. K may then be calculated directly 
from the values in Fig. 33 by means of equation [36], in which 


AIR CONDITIONING APPARATUS 
CoG eS 6; 
= ——} lala 
K g OLe ik 
Cp=the specific heat of air 
G=the weight of air in lb. per hour passed through the heater 
S=the total sq. ft. of heating surface 
84 From equation [29] we have 


K= 
B 
E+ OW. 


TABLE 10 SHOWING THE FILM RESISTANCE R TO VARY AS THE ABSOLUTE 
FILM TEMPERATURE 


Vetociry THroveH CLEAR AREA 1000 Fr. per Min. 9s =227Dec.Faur. = 20 Deg. Fahr. 
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1/3/38] 4 
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65 — Oe 
6g —- A 


perature in Each Sec- 
Calculated from 


tion @, 
Difference 0, — 62 
Film Temperature 


per Section 
Difference 


Entering Temperature! 


Temperature Rise per 
Temperature of Air 
Average Absolute Tem-| 
Ratio of Leaving to 

R Calculated from 


| Leaving Section 


r= 
aia 
S| & 
a 
ais 
| @ 
_ & 
ye 
3 | 4 
2 
gis 
s — 
yA) 


|Absolute Film Temper- 


Final Temperature 
le Calculated from 


Formula 
| K from Test 


| 
| 


43.75 596.60 | 0.04267 
64.63 ‘ p 615.78 | 0.04404 
82.95 552.10 . . \ 623.77 | 0.04461) 
16.10 99.05 567.10 127.95 . 630.79 | 0.04611 
14.18 113.23 580.32 | 113.77 y 636.99 | 0.04555 
12.53125.76 592.03 | 101.24 ; 642.48 | 0.04595 
11.14136.90, 602.47 | 90.10 , R 647.37 | 0.04630 
9.97 146.87 611.86 80.13 : 651.77 | 0.04661 


gS 
SB 


onoanr wn r- 


from which we may deduce the resistance formula 


(8 1 
x~®+(ow,) 


in which R is assumed to be a constant, B is a constant to be deter- 


, . : , l 
mined, CpWo is a known constant, 7 is a known variable, and K 
Oo 
is the reciprocal of K as calculated above, in equation [46]. 
85 By inspecting equation [47] we see that, if R is assumed to be 
a constant, this is a straight line relationship. Therefore the approxi- 
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mate values of R and may be determined from the equation 


B 
CoWe 
of a straight line drawn through the values of 7 plotted to the cor- 


responding values of Having determined the values in this 


1 

Vo 
manner we may now determine approximately the values of the mean 
absolute film temperatures at the different velocities using the aver- 
age rates of transmission as shown in Fig. 33. 
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86 The mean absolute film temperature may be determined by 
the formula 


(6—6,) 
6s— A; 
l Sth 
- (= 3) 
for the derivation of which see Appendix No. 2, where 
6’m=mean absolute film temperature 
(6;—@)m = mean temperature difference between the steam and air 
87 For eight sections of heater with the velocity of the air through 


the clear area of the heater, measured at 70 deg. fahr. at 1000 ft. per 
iinute, we find a mean absolute film temperature of approximately 


4’'m = 0; — RK (6; — 0)m = 6s — RK 
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Fic. 36 Rate or Heat TRANSMISSION FOR VARIOUS VELOCITIES, VALUES 
or Ky FROM TEST CORRECTED TO FILM TEMPERATURE OF 625 Dea. 


TABLE 11 COEFFICIENTS OF HEAT TRANSMISSION AT VARIOUS VELOC 


B.t.u. per Sq. Ft. 


Calculated from 


Formula 


Ko 


1c 


| Ko from Test 


.3160.3015 ; 0.00331 
6740.2140 d é 0.00279 
5.788 0.1730 5. 47 0.002295 17071 5.858 5 
. 743 0.1480 9. 306 0.001815 .14619 6.841 


0.29819 3.354 3.356 
0 
0 
0 
.6140.1310 3. 0.00143 0.12957 - 7.718 
0 
0 
0 


21121 4.735 


i on 00 


c=) 


0.001667 
0.00143 
0.00125 
900 0.00111 


.4120.1190 ’ 0.001012 11799 8.476 
9.1460.1093 : 0.000639 .10866 9.204 9.25 
9.8230.1018, 131. 28 0.000279 .10152 9.850 
1000 (0.00100 | 10.465 0.0956 3.8 { —0.0000585 0.09566 10.455 10. 490 
1100 0.000909 11.040 0.0905 " é —0.000418 0.09092 11.000,10.920 
1200 '0.000833 , 11.610 0.0861 : 1600 —0.000936 0.08704 11.490 11.400 

| | 
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625 deg. Therefore we have calculated the value of R, and all 
values of K. at different velocities for this assumed standard of film 
temperature. Having calculated the average values of K for eight 
sections of heater and different velocities as described in the preceding 
paragraph, we may determine the value of K, for a film temperature 
of 625 deg. from the formula 


Ko= K| 1+ KoRo (’ ee) ~ [49] 
625 


for derivation of which see Appendix No. 3. 


88 These values as calculated from the tests are shown in column 
12 of Table 11. In this table 


0’ m— 625 
X= Ro( 625 ) 


We now have the rates of transmission for different velocities corrected 
to a standard absolute film temperature of 625 deg. Therefore, if 
our thegretical relationships hold true 


1 B 1 
gr -™t (5,-) V. 


is the equation of a straight line, in which R, is the intercept at — = 0 


Vo 

and is the slope. The plot of these values for different veloc- 
CLW. 

ities as determined from the test curve Fig. 33 is shown in Fig. 35. 

It will be noticed from an inspection of Fig. 35 that these points do 


lie, with remarkable accuracy, in a straight line, thus showing the 
agreement of the test results with the rational formula 








K 1 
iow B 
hot OWV. 
89 Substituting numerical values obtained from this plot we have 
K = 0.0447 + i es [50] 
Hence 
K (51) 
o = ae es im ind DHRC D OH DRO CODER OS vo 
0.0447 + 27-66 


Vo 
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Column 13, Table 11, shows the value of Ko calculated from above 
formula, which may be compared with the values of Ko calculated 
from test and given in column 12. 

90 Fig. 36 gives the value of Ko for different velocities, the curve 
being plotted from the formula and the points shown being the values 
determined directly from the test. 


0.01 
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Ko ~O)m| | 
800 1200 1600 2000 : 2800 3200 
Fic. 37. RELATION BETWEEN K,(03 — 8)m AND X AT DIFFERENT STEAM 
PRESSURES 


RATIONAL FORMULA FOR HEAT TRANSMISSION 


91 We may now insert the above numerical values given in 
equation [51] in the rational formulae [38] to [41]. Substituting in 
equation [40] we have 


lo es *) - Ss 
610\ 6. — 6.)  6.1119Q + 127A 


Substituting proper values in equation [41] we have 


Os— 4; f me 
] = — Sd otk £0 ec ae 
B10 (*—4) 0.1119 V + 127 (533) 


6;— 0 0.3994 fK " 
lose ( ¢ he f Dea! a Sok ai iat ee 


4,— 0. V 
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where 





s=steam temperature 
6,=entering air temperature 
6.=final air temperature 


=5 =ratio of total surface to clear area 


V =the velocity of air through clear area (at 70 deg.) in ft. 
per min. 
Q=cu. ft. air at 70 deg. fahr. 


TABLE 12 CALCULATIONS FOR CORRECT VALUES OF FINAL TEMPERATURES 
AND HEAT TRANSMISSION 


Ve.Locity THrouGcH CLEAR Area 1000 Fr. per MIN. @s=227 Dec. Faur. 9,=20 Dec. Fanr. 
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12.335 0.05167 —0.0224 0.05285 1.130 | 183.20 | 43.80 23.80 | 2096.4 23.80 2096.5 
24.67 0.10334, —0.0188 | 0.10534 | 1.2745 | 162.42 | 64.58 44.58 | 1963.5 | 20.78 1830.4 
37.005 0.15501 —0.0152 0.15739 1.4368 | 144.07 | 82.93 62.93 | 1840.8 18.35 1616.3 
49.34 0.20668 —0.0115 | 0.20909 1.6174 | 127.98 99.02 79.02 | 1740.0 16.09 | 1417.2 
61.675 0.25835, —0.0084 | 0.26052 | 1.8220 | 113.61 | 113.39 93.39 | 1645.5 | 14.37 1265.8 
74.01 0.31002) —0.00533 0.31168 | 2.0497 101.00 | 126.00 106.00 1556.0 | 12.61 | 1110.8 
86.345 0.36169, —0.00225 0.36250 | 2.304 89.85 137.15 | 117.15 | 1474.2 11.15 | 982.2 fi 
| 98.68 | 0.41336, +0.00084, 0.41301 | 2.5883 79.98 | 147.02 127.02 | 1398.5 | 9.87 | 869.4 ; 
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92 The above formulae are correct for a mean film temperature 
of 625 deg. absolute. For approximate results, these formulae can 
be used without corrections. For more accurate results the factor 
0.1119 must be corrected for the calculated absolute film tempera- 


ture in each case. The full formula embodying this correction, i 
where extreme accuracy is desired, is [ 
03— =) 0.000003474 V2 (@,— 6) ;-- ) 4 

= (0.0001791V 04+ 126:8)-1 etal Mle A 1: 
f= (0.0001791V.0,+ 126.8) on (jt 0.0447 V, 4.50.66 [55] ik 
1 

which can only be solved for f when the initial and final temperature \ 


of the air are known. For ordinary calculations where we wish to + 
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solve for the initial and final temperatures where f and V are known, 


we first determine approximate values of @,; and # from equation 
[53]. We then solve for the mean temperature difference between 
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PrReEssuRE = 5 La.; STEAM TEMPERATURE = 227 Dea. Faur.; Arr VELOCIT’ 
MEASURED aT 70 Dec. Fanr. 


_ total surface, sq. ft. 
clear area, sq. ft. 
6; _ 6; 


f = (0.000179 V6, + 126.8) log year Mas (0.000003474 V. Ko) (02 — 6) 
s~ 


steam and air, using the above determined values of 4 and @, in the 
formula 


0.434 (A. — 0) — 
(0; — 0)m = cis (see Appendix No. 2) 
loeu( ° ‘) 


6,— 45 
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93 Having determined (6, - @)m we may then determine the value 
of X from the formula 


X = 0.000071520, — 0.0447 — 0.0000032 Ko (6; — @)m... .(57] 





or from Fig. 37 giving the values of X for the various values of 
K.(0;—9)m. The correct value for 6 will be given by the equation 


(= *) _ 0.3994 fKo 
6,—6)  V(i+K.X) 


To simplify this correction for a series of calculations, curves may be 
constructed for the correction factor as shown in Fig. 38. 

94 An example of such a calculation is given in Table 12. This 
should be compared with the results from tests given in Table 10, 
for the same conditions. Comparison of the following correspond- 
ing columns in each table is of interest: 


(see Anpendix No. 3)..... [58] 


TABLE 10 TABLE 12 


4 


Test Values Calculated Values 
Compare column 2 with 12 
Compare column 3 with 11 
Compare column 4 with 8 
Compare column 6 with 7 


95 Fig. 39 shows the approximate calculated values of heat 
transmission in the individual sections at various velocities, without 
correction ‘for film temperature. Fig. 40 shows the same values 
corrected for film temperature. It is interesting to compare these 
results with Fig. 34, in which the corresponding test values are 
given. The agreement of the actual test results with the correspond- 
ing calculated values is still more strikingly shown in Fig. 41, in which 
the curves are accurately drawn in accordance with the corrected 
formula, while the plotted points represent the actual test values 
given in Table 8. 

96 Fig. 42 shows graphically the relation between the heater 
surface and air temperature for various velocities through wrought- 
iron pipes heaters. The factor f is the ratio of total surface to clear 
area and will vary with different number of heater sections, being 
equal to 98.68 for the eight sections tested. The values of f as 
plotted were computed from formula [7], Appendix No. 4. 

97 As an example of the use of Fig. 42, we will assume an initial 
or entering air temperature of 20 deg. fahr. with a velocity through 
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the clear area of 1000 ft. per min. Following the dotted line as shown, 
we find a value of f;=25.4, and adding f=98.68 for eight sections 
gives f2=124.08. From f.=124.08 follow the dotted line upward 
till it intersects the 1000 ft. per min. velocity and the across to a 
final or leaving temperature of 147 deg. fahr. An inspection of 
column 8 of Table 12 shows a final temperature obtained from the 
tests of 147.02 deg. fahr. This diagram may be used for any other 
value of temperature or surface, when the steam pressure is 5 lb. gage. 















APPENDIX No. 1 


98 Aseries of ten tests was made in February 1906 for the purpose of check- 
ing the results obtained from similar tests made in 1902. As the results of these 
tests agreed so fully with those of the former tests, it was considered unneces- 
sary to work them up in detail until the present time. A number of similar 
tests were also made at this time at various other steam pressures. As these 
merely substantiate the relationships here presented, it has been thought un- 
necessary to include them. 

99 The tests were made on an indirect or fan system heater, consisting 
of eight sections each of four rows of 1-in. wrought-iron pipe. Details of the 
arrangement of the pipes and their distribution in the cast-iron base is 
shown in Fig. 30. Each section contained 126.6 sq. ft. of surface, and the 
clear area was 10.263 sq. ft. The air was drawn through the heater by a steel 
plate fan, and blown through a nozzle where the air measurements were made. 
The velocity of the air was measured by means of a pitot tube and a hook 
gage, thie temperatures being carefully taken at the outlets with thermometers 
well protected from the effect of radiation. The pitot tube readings were 
taken at the outlet of the fan nozzle, a series of 64 readings having been taken 
over the area of the outlet, and the ratio of the average to the reading at the 
center carefully computed. During the test continuous readings were taken 
with the pitot tube fixed in the center of the orifice, which were afterwards 
corrected for the above ratio. 

100 The pressure of the steam, as well as the speed of the fan engine, was 
kept constant throughout each test by two of the observers. The condensa- 
tion from each section was weighed separately, and the temperatures carefully 
noted. Each section was provided with an air vent, and thoroughly blown 
out for about one hour before starting the test, and some steam was allowed 
to blow through during the entire test. A separator was placed in the steam 
line before the throttle, and a calorimeter was used to determine the quality 
of the steam as it entered the steam heater. A slight degree of superheat was 
observed during each test, and the proper allowance made in the calculation 
of the total heat of the steam. The saturation temperature of the steam was 
also taken before and after each test to check the steam gage, proper allowance 
being made for stem correction to the thermometer. Barometric readings 
were made during each test, and the steam pressure so regulated as to maintain 
an absolute pressure of 19.7 lb. on the heating coils. The steam gage was 
calibrated by means of a dead-weight tester before and after each test, due 
allowance being made for the barometric reading taken at the time. 

101 In Table 8 will be found the principal data obtained. As already 
explained, the first column for each test contains the uncorrected observations, 
the second column these same readings corrected to standard conditions of 70 
deg. fahr. and 29.92 in. barometer, while in the third column, as previously 
explained, a further correction is made for a systematic error of 8 per cent in 
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measuring the air. Proper allowance had been made for heat loss from the air 
by convection from the surface of the heater casing and fan housing, correction 
for this loss being added to the air temperature. Slight corrections were also 
made for condensation from such portions of the heater base and pipe connec- 
tions as were exposed to the air of the room rather than to the air measured. 
This loss was found to amount to 78.4 B.t.u. per hr. per degree difference 
between the steam temperature and room temperature. 
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Fig. 43 RELATION OF FAN SPEED TO VELOCITY OF AIR THROUGH HEATER 


102 A further correction was also required to make allowance for the fact 
that the condensation left the heater at practically steam temperature, and a 
portion would flash into steam upon exposure to the atmosphere. After care- 
ful tests it was decided to add 1.5 per cent to the weight of condensation to 
cover this loss, as well as 14 lb. per 4 hr. to cover the average loss due to 
evaporation from the tanks containing the condensation. A final correction 
was then made to reduce all the tests to a standard of 20 deg. for the tempera- 
ture of the entering air. This was based on the fact that at any velocity the 
weight of the condensation practically varies directly as the temperature 
difference between the steam and entering air. 
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103 As previously stated, the speed of the fan was maintained constant 
during each test at the speeds shownin Table8. The relation of the fan speed 
to the velocity through the clear area as computed from the air measurements, 
is shown in Fig. 43 plotted from the values in Table 8, barometric measure- 
ments being taken into consideration in computing the air measurements. It 
will be noted that the velocities recorded are fairly regular, with the exception 
of the tests made at 80 and 240 r.p.m. 
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APPENDIX No. 2 
FORMULA FOR MEAN EFFECTIVE TEMPERATURE 


104 Let H be the total heat transferred, S the total surface, K the rate of 
heat transmission per degree difference in temperature, (0,—0)m the mean effec- 
tive temperature difference between the steam and air. Then we will have 


H=K (6,—@) mS 


H CpW (6, — 42) 
(6,—9) m= pon Tas . - 
KS KS 
also 
dH = (0,—0) KdS 
105 Referring to Fig. 29 we have 
dH =—C,Wd (8;—98) 
where W is the total pounds of air per hour passing over the surface S. 


106 Equating [3] and [4] we have 
(0,—0) KdS=—C,Wd (0,—8) 


vo a) 
«| dS=—C,W { 'd@,—®) 
s 6. 6,—0 


s—BO2 
Integrating 


KS= CpW loge oe 


s~ Y¥% 


Hence 


Ru 


log (G= 4 
£e 0, — 0 


(6, —-8) m = 


(42—6;) — (0;— 2) 
lo 9s — 
£e iF a a. ) 


6, — 6’=RK (0, —0) 


(0,-—@) m = 


107 From equation [45] we have 


or approximately 
6, — 0’ = RoK, (0, — 0)... 
1684 
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Hence 
d(6,— 0’) = RKd (0, —8@) 


Therefore it follows from [10] and [11] that we will have the same relation- 
ship between (0, — 06’), (0, —6’:) and (0, —0’)m as between (0,— 1), (0,— 62) 
and (#,—9@)m in equation [11]. Hence 


0, — 0 6,— a 
(0.—0’)m = ‘ v Oo— 8 aie (12) 


ki (4-8 tA ran 
fe ard 


108 Substituting in [12] RoK.(0,=-96,) for 0,—6’; and RoKo (0, — 62) for 
6,— 6’ we have 


_ Ro Ko[ (0s— 1) — (0s— 62) | 


, (5 — 6, 
O£e a a) 


(6,— 6’) m 


i Ro Ko (0, uty! 6,) 


/ 
(0, Hi 9" 0, — 8, 
oes =8 


0 n=O is Ro Ko (0. — 6,) 


, 0, — 4, 
O£e 0; rae i 
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APPENDIX No. 3 


PROOF OF FORMULAE [49] AND [58] 


0’ m — 625 
r= x[ t+ nn(@E™)) 


109 It has been shown that the value of R for a mean film temperature of 
625 deg. is 0.0447, and that it varies directly as the absolute temperature. 
Hence 


— Rom _ 0.0447 6'm 


ri. — 
625 
Om — 


625 


Ko = K ot. KKoRo( 


. x1 + Kool 


0 m — 625 


= Rol 625 


111 We have from equation [54] 


vow,, (02-8) _ 0.30044 K 
& 16-6.) V 


Hence substituting the above value of K we have 


6; — 0, 


~ V(ii+'KoX) 
1686 


{ie ~6,\ 0.3994fK, 
log 
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0 m — 625 


112 From equation [6] we have X = r( 625 :} From equation [48] we 


have 0’, = 0, — RK (0,—9)m. Hence 
0’ m = 85 — RoKo (05 — 9) m (approximately) .... 
Substituting this value of 6’, in equation [6] we have 
X=R, % — RoKo (0,8) m - si 
625 
113 Substituting numerical values previously determined 


s — 0.0447 Ko (0, — 8) m—625 
x = aowsr| “ Some oe. : i 
yA9) 


Hence 
X = 0.00007152 0, — 0.0447 — 0.0000032 K, (0, — 4) m .. 
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PROOF OF EQUATION [55] 
114 From equation [54] we have 


fi - 4 0.3994 f K 
log = 


6,-0) Vv 


and from equation [2], Appendix No. 3 


1 0.0447 'm 50.66 
Ks 625 V 


115 From equation [15] Appendix No. 2 


6’ m = 0s —0.434 X 0.0447 Ko - 2 @\ \cc [3] 
logs. ( a i) 


‘1 0.0447 Os 0.0447 X 0.434 « 0.0447 _ 6. — 0; 50.66 
i eae ae _ K, {_— >; \+- rau 
K 625 625 


Jor, (2-8 V 
_ 0. —0,) 


Hence 


Vv 


6.— 0 50.66 
2 eiaeais ne ) min 


‘og, (O— 
rf 1 = 

oon \ 
0.3994 f _ 


50.66 6s — 0, . 
= { 0.00007152 6s + “7 ) om F - 8 ) - 000001387 K,(0.—0,)) 


2 
or 


— (0.000003474V, Ko) (02.—0:).... 


\ 
f= (0.001791 Vo 8 + 126.8) logs 8 3) 
s—~ U2 





6. — 0, 0.000003474 V2 (8. — 6;) 
== (0.0001791 V., 6s+ 126.8) | — | — ——..........[8 
( , cates 5 - i) 0.0447V.o + 50.66 














TESTS OF A SAND-BLASTING MACHINE 


By Wa. T. MaGrupER 
ABSTRACT OF PAPER 


The paper gives the records and results of quantitative tests of a sand-blast- 
ing machine under the actual conditions of commercial practice. The rough 
surfaces of pieces of cast-iron, which had been cast in one mold, were blasted 
by air, from which the moisture had been separated, with dried and screened 
new Cape May grit by a Pangborn sand-blasting machine, and with the sand 
valve wide open. The quantity of air used was measured by a pitotmeter; 
the quantities of iron removed, of sand used, and of sand consumed, were meas- 
ured for each test. The air pressure was varied from 20 lb. to 70 lb. The 
angle between the surface of the test bar and the nozzle was varied from 30 to 
90 dég. The distance from the nozzle to the test bar was varied from 4 to 10 in. 
The results show that (a) for distance of 8in. and angle of 45 deg., the 
equivalent amount of free air delivered per minute, the iron removed, the sand 
discharged, the sand used up, per 100 cu. ft. of free air flowing per minute, vary 
directly with the pressure; the amount of usable sand remaining and the amount 
of sand discharged per pound of iron removed vary inversely with the pressure; 
(b) for 60 lb. pressure and 8 in. distance, the largest amount of iron was removed 
and the least amount of sand was required to do it, when the angle between the 
nozzle and the work was from 45 to 60 deg.; (c) for 60 lb. pressure and 45 deg. 
between the nozzle and the work, the largest amount of iron was removed and 
the least amount of sand was required to do it, when the distance was 6 in.; 
(d) the sand used varies with the directness of the blast; and (e) inversely with 
the distance from the test bar. 
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TESTS OF A SAND-BLASTING MACHINE 


By Wa. T. Macruper. Co_umsus, O10 


Member of the Society 


This paper gives the records, results and conclusions of a series 
of quantitative tests of a sand-blasting machine, under the actual 
conditions of commercial practice, which were made by David 
H. Ebinger and Robert A. Frevert, of Columbus, under the direction 
of the author as their thesis for the degree of mechanical engineer 
from The Ohio State University in 1910. As it was evident that 
a complete solution of the problem of securing quantitative results 
under such conditions was impossible in the time available, certain 
of tHe variables which present themselves in such a problem were 
assumed to be constant: (a) the material to be sand-blasted; (6) 
the character of its surface; (c) the air-pressure best to use with 
each of these materials and conditions; (d) the size of nozzle for 
different classes of work; (e) the angle to the surface of the work 
at which the nozzle should be held; (f) the distance from the work 
at which the nozzle should be held; (g) size, sharpness, kind, character, 
uniformity of size, and cleanliness of the sand, and the number of 
times it has been previously used for sand-blasting; (h) the relative 
dryness of the sand and of the compressed air of the biast; (¢) the 
proportion of sand to air; (7) differences in commercial machines. 

2 The conditions of this set of tests were as follows: 

a The material was pieces of cast-iron which had been 
broken as test bars for transverse tests. ‘They were 2 in. 
by 4 in. in cross-section and from 15 to 25 in. long. They 
had been cast diagonally on edge in one mold from one 
ladle of machinery iron. 

b Their rough surfaces were as uniform as were the bars them- 
selves. 

c A new nozzle, # in. in diameter, was used for each test. 
To remove any unevenness of the interior surface of the 
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nozzles, and to bring them all exactly to the same con- 
dition, sand was blown through each for 2 minutes 
previous to starting the tests. No tests have yet been 
made with other sizes of nozzles. 

d The sand used was a No. 3-J Cape May grit, new, hard, 
sharp, clean, free from clay, and was such as is commonly 
used by the trade. It was obtained from a large storage 
bin in the works. It was thoroughly dried in a Pang- 
born No. 1, Type M, sand dryer, shortly before being 
used. Great care was taken to avoid overheating it and 


Fic. 1 Sanp-Biastinc MacHINE 


so destroying its strength and cohesion. The sand was 
then passed through a No. 8 mesh screen. After use in 
the machine, it was weighed, sifted, reweighed, and dis- 
carded. New sand was used for each test. 

e The sand was dried as above described. The compressed 
air was passed through a separator to relieve it of moisture 
from the atmosphere and oil from the compressor. 

f No attempt was made to regulate and adjust the propor- 
tion of air to sand. All tests were run with the regulat- 
ing valve wide open. 





WM. T. MAGRUDER 1693 


g No comparisons were made of the operations or results from 
different machines on the market. 
3 Upon the three remaining variables, the air pressure, the angle 
between the surface of the work and the nozzle, and its distance from 
the work, the quantitative experiments were made. 


EQUIPMENT 


4 The regular equipment of the D. A. Ebinger Sanitary Manu- 
facturing Company at Columbus, Ohio, was used for these tests. It 





Fic. 2 REGULATING AND Fic. 3 Mrxinc CHAMBER 
CONTROLLING VALVES FOR AIR AND SAND 


had been recently installed for use in sand-blasting cast-iron ware 
before enamelling. It consisted of one No. 8, Type C, sand-blast- 
ing machine, made by the Thomas W. Pangborn Company, Jersey 
City, N. J., having a sand capacity of 4000 Ib. per charge. It was 
provided with a moisture separator, pneumatic sand separator, dust 
catcher, and exhaust fan. The air was compressed by a Fairbanks, 
Morse & Company air compressor, having a capacity of 138 eu. ft. of 
free air per minute, and driven by an opposed gas engine of 25 h.p. 
capacity. 
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5 Fig. 1 shows the machine and Fig. 2 the regulating and con- 
trolling valves. Fig. 3 shows the mixing chamber for the air and 
sand. Fig. 4 shows a plan of the rooms and apparatus. Fig. 5 
shows the sand-blasting box and sand-catcher. Fig. 6 shows a photo- 
graph of the machine, blasting room and apparatus. Table 1 gives 
the record of the tests and the results. Figs. 7 to 9 graphically show 
the results obtained. 


OPERATION OF THE MACHINE 


6 The compressed air, coming from the compressor, enters the 
moisture and oil separator at the left of the machine, passes through 
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Fic. 4 LocaTion AND ARRANGEMENT OF APPARATUS 


the air regulator a, which has an indicator-handle working over a 
graduated disc, enters and passes down through the cylinder b, inside 
the machine, then through the air ports in the piston c, and engages 
the entering sand. The ports in the top of the cylinder, one of which 
is shown, deliver the air to the sand chamber, so as to maintain equal 
pressure above the sand and to assist in insuring uniform flow. The 
sand-controller handle, d, moves on a quadrant, having limit stops 
for its off and on full positions. This handle permits the piston c 
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to be rotated in its casing e, thereby opening, regulating and closing 
the sand ports by a single control. The stirrer and handle f con- 
nect with its fork which operates inside of the piston and mixing 
chamber for dislodging caked sand that may form under certain con- 
ditions. Ports, elliptical in shape, are located in opposite sides of 
both the piston c and the casing e, and are inclined downwards, 
so starting the flow of the sand by gravity. The rotation of the pis- 
ton by the controller handle regulates the opening of the ports and 
the flow of sand. The sand on leaving the ports is met by the air 
coming through the ports in the piston. They cross each other from 
opposite sides into the mixing chamber g. By this cross flow, a swirl- 
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Fic. 5 Sanp-Biastinc Box anp SAnp CATCHER 


ing motion is produced and a thorough mixture of the sand and air 
is obtained in the rear part of the mixing chamber. The mixture is id 
carried forward by the air pressure from the rear part, 23 in. in i } 
diameter, to the hose connection where it is ? in. in diameter, thence H 
through the hose to the nozzle, whence it is projected upon the cast- 

ing to be sand-blasted. 


MEASUREMENT OF THE AIR 


7 The air used was measured by a pitotmeter placed horizon- 
tally in a run of straight 14-in. standard welded pipe in the main 
air line, and located at a distance from any fitting. The opening, 
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} in. in diameter, of the dynamic tube faced the current of air from 
the receiver tank. The end of the static tube was trimmed off flush 
with the interior of the pipe. The tubes were connected by }-in. 
pipes to the ends of a water manometer. The difference in the levels 
of the liquid in the two legs of the manometer indicated the differ- 
ence between the dynamic and static pressures, and is a measure of 
the velocity head in inches of water. From the formula, »? = 2gh, 
the velocity of the air in the pipe was calculated. Deducting the 
area of the dynamic tip from the area of the opening in the pipe, gave 
the net area of the air pipe. The coefficient of discharge was taken 
as 0.91. To remove the moisture that collected in the tubes, valves 
were placed in each of the tubes above the manometer, and pet cocks 





Fic. 6 View or MAcHINE AND APPARATUS IN BLASTING Room 


placed in the tubes directly above the valves. This arrangement 
permitted the blowing out of each tube before taking a reading of the 
pitotmeter. The temperature of the air in the line was taken just 
before it entered the stop valve at the machine. Calibrated pressure 
gages in the line and at the machine gave the desired pressures. 


MEASUREMENT OF THE SAND 


8 To collect the sand used during each test and also to control 
the blast, a closed box with a hopper bottom and a shelf at one end 
to support the test bar was prepared, as is shown in Fig. 5. The 
sand discharged during a test was collected in the hopper, removed, 
and weighed as total sand used. It was then sifted, and again weighed, 
thus giving by difference the amount of sand rendered useless by the 
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test, and the amount of sand that might be used again in commercial 
practice. It was not again used in these tests. 


MEASUREMENT OF THE IRON REMOVED 


9 The test bar was held in a vertical position in the sand-blasting 
box. Before and after blasting, it was carefully weighed on a plat- 
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Fic. 7 Resuits oF Tests In RELATION To AIR PRESSURE AT MACHINE 


form scale of 250 lb. capacity by quarter ounces. The scale was 
varefully balanced before each weighing. 





TESTS OF A SANCD-BLASTING MACHINE 


METHOD OF MAKING THE TESTS 


10 In each test the new nozzle was first brought to a uniform con- 
dition by discharging a blast of sand and air through it for 2 min- 
utes under a constant blast pressure. The test bar was weighed and 
placed in position in the closed hopper box. The nozzle was then 
set by scale for its distance from the test bar and by bevel protractor 
for its angle with the surface of the test bar. The air regulator a 
was kept wide open during the tests. The desired air pressure in the 
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Fic. 8 ReEsutts or Tests IN RELATION TO ANGLE OF BLAST 


machine was secured and maintained constant by adjusting the stop 
valve in the supply pipe to the moisture separator. After starting the 
air blast and carefully adjusting the valve to maintain a constant pres- 
sure at the machine, the sand-controller handle d was moved to its 
open position at the instant of starting, thus allowing sand to flow 
into the mixing chamber and be forced by the blast of air out through 
the nozzle and against the test piece. Readings of the temperature 
ard pressures of the air on the main line and at the machine were 
taken at regular intervals of about 2 minutes. In closing down 
ite machine at the end of a test, the sand valve was first closed and 
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then the air valve; the test bar was weighed, and the difference of 
the two weights gave the amount of iron removed: the sand discharged 


yas weighed, sifted and again weighed. 


VARIABLES OF THE TESTS 


11 Starting at 20 lb. corrected pressure at the machine on the 
first test, and increasing by 10 Ib. up to and including 70 |b. pres- 


5 6 7 8 10 
DISTANCE OF TEST BAR FROM NOZZLE, IN. 


Fic. 9 Resutts or Tests in RELATION TO DISTANCE OF NozzLE FROM 
Work 


sure, the variation in the effectiveness of the blast due to increase of | 
pressure was obtained, with the nozzle set at 45 deg. and at 8 in. from 
the test bar. 


12 In the second series of tests, a constant pressure of 60 Ib. was 
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TABLE 1 TESTS OF SAND-BLASTiNG MACHINI 


Pressure Variable 


Number of test + 
Diameter of nozzle, in vs 
Angle of blast, deg.. es seers 45 
Distance of nozzle from autue, ‘-. 8 
Length of run, min 20 
Air presssure at sand-blasting machine, lb. | 50 
Air pressure in line, lb., corrected ; y ; 75.0 
Barometric pressure, in. mercury.......... ‘ 0 29.35 
Temperature of air, deg. fahr : | ' 83.20 
Pitotmeter reading, in. water............. . , 0.112 
Velocity head, ft. water . t x 0.0093 
Volume as free air of 1 cu. ft. of compressed 

air under actual conditions............... 
Weight of 1 cu. ft. of water at temperature | 

of air in line ; | 62.18 | : | 62.20 | 62.16 
Weight of 1 cu. ft. air at actual pressure and 

0.4446 0.4526 | 0.4462 | 0.4427) 0.4560 

Head of compressed air equivalent to 1 ft.| 

of head of water ‘ ' 139.9 137.4 | 130.4 140.4 136.5 
Velocity head, ft. air ¥ 0.8111 0.9758 1.296 | 1.567 | 1.706 
Velocity in air line, ft. per sec ‘ 7.223 7.922 | 9. 132 | 10.10 10.47 
Cu. ft. compressed air per min. at line | 

pressure and temperature : | 5.543 6.079 | 7.007 | 7.752 | 8.038 
Equivalent free air, cu. ft. per min : 30.53 34.09 | 38.73 | 42.51 | 45.40 
Weight of test bar before blasting, 1b 44.5469 | 41.3006 | 36.4531 | 41.6094 | 41.3125 | 28.7031 
Weight of test bar after blasting, Ib........ 44.4765 | 41.3125, 36.2969 | 41.3906 41.1563 | 28.5000 
Iron removed, lb 7 0.0781 0.1562 0.2188 | 0.1562 0.2031 
Iron removed, Ib. per min ; 0.00601, 0.00781) 0.01094) 0.01562) 0.02031 
Iron removed, Ib. per 100 cu. ft. of free air, | | | | 

flowing per min y 0.01969, 0.02291) 0.02825) 0.03675 0.04473 
Sand discharged, Ib 0 | 262.0 | 512.0 | 631.0 | 369.0 | 415.0 
Sand discharged, lb. per min . 20.2 25.6 | 81.5 | 36.9 | 41.5 
Sand discharged, lb. per 100 cu. ft. of free | | | 

air flowing per min 27 | 66.19 | 75.10 | 81.34 86.81 | 91.41 
Usable sand remaining, lb | 2926. 230.0 | 420.0 504.0 | 275.0 | 
Usable sand remaining, lb. per min : 1 HF 21.0 | 25.2 | 27.5 
Usable sand remaining, per cent P 87.8 | 82.0 | 80.0 | 74.5 
Sand consumed, lb | 29. |} 32.0 | 92.0 | 127.0 | 94.0 
Sand consumed, lb. per min F 2.46 | 460 | 6.35 | 9.40 
Sand consumed, Ib. per 100 cu. ft. of free! | 

air flowing per min | 6.843 | 8.059 | 13.50 | 16.40 | 22.11 
Sand discharged per lb. of iron removed, 
(3625.0 3361.0 3278. 0 2879.0 |2362.0 


cmMnaanrwne 


5.796 . . 5.527 


Lines 6 and 7 give corrected gage readings. ¥s 


492 =P 
Line 12 is obtained from the characteristic equation for perfect gases Vi = “7 x r by taking the 


absolute pressures and temperatures corresponding to the readings given on Lines 7 and 9. 
Line 13 is taken from p. 688 of Kent’s Pocket Book for the temperatures given on Line 9. 
Line 14 = Line 12 X weight of 1 cu. ft. free air. Line 19 = Line 18 X Line 12 


Line 16 = Line 15 X Line 11 100 (Line 23) 
Line 244 = ——-——- —— 

Line 17 = 8.02 V Line 16 

Line 18 = Line 17 X net area of pipe in sq. ft. X coefficient of discharge X 60 
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78.1 

29.13 

81.60 
0.140 
0.0117 


5.735 


62.21 


0.4630 


134.4 
1.572 
10.06 
4 
7.717 
44.25 
36.5313 
36.4375 
0.0938 
0.0117 


0.02644 
281.0 
35.1 


79.32 


Angle Variable 


62.16 


0.4427 


140.4 
1.587 
10.10 


7.752 
42.51 
41.3125 
41.1563 

0.1562 

0.01562 


0.03675 


369.0 


36.9 


86.81 
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7.875 
17.80 


3000.0 |2 


Line 26 = 


27.5 
74.5 
94.0 

9.4 


22.11 
362.0 


Line 25 
Line 5 


62.25 


0.4604 


135.2 
1.730 
10.55 


8.096 
46.18 
51.6172 
51.4531 

0.1641 

0.01641 


0.03554 


364.0 
36.4 


78.83 
268.0 
26.8 
73.6 
96.0 
9.6 


20.79 


2218.0 


0.4687 


132.8 


1.553 
9.996 


7.670 
44.53 
30.8437 
30.7109 

0.1328 

0.01328 


0.02982 
378.0 
37.8 


84.88 
279.0 
27.9 
73.8 
99.0 
9.9 


22.23 


2846.0 


10 

78.4 

29.08 

78.97 
0.130 
0.0108 
5.781 

62.24 


0.4667 


| 133.04 


1.440 
9.625 


7.386 
42.70 
44.2656 
44.1875 

0.0781 


0.00781 


0.01829 | 
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Distance Variable 


0.4542 


136.8 
1.450 
9.657 


7.411 
41.69 
41.1250 
40.9219 

0.2031 

0.02257 


0.05413 


| 341.0 


37.9 


90.90 
246.0 
27.3 
72.1 
95.0 
10.6 


25.42 


1679.0 


Line 32 


62.16 


0.4427 


| 140.4 


1.587 
10.10 
7.752 | 
42.51 | 
41.3125 
41.1563 | 
0.1562 
0.01562 


| 
0.03675 | 
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36.9 


86.81 
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27.5 
74.5 
94.0 

9.4 


22.11 


| 2362.0 


Line 2 31 
Line 5 


0.4606 


135.2 
1.406 
9.508 


7.296 
41.63 
44.4062 
44.2656 

0.1406 

0.01406 


0.03378 


| 356.0 


| 


35.6 


85.52 
289.0 
28.9 
81.2 
67.0 
6.7 


16.09 


2532.0 


77.8 

29.30 

79.44 
0.208 
0.0173 


5.739 
62.24 
0.4633 


134.3 
2.324 
12.23 


9.382 
53.84 
41.4219 
41.3125 

0.1094 

0.01094 

0.0203 

| 243.0 


| 


24.3 


45.13 
| 180.0 
18.0 
74.1 
63.0 
6.30 


11.70 


2221.0 
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maintained at the machine, and the nozzle set at 8 in. from the test 
bar. The angle was varied from 30 to 90 deg. The effectiveness of 
these angles of blast was in this way obtained. 

13 In the third series of tests, the distance of the nozzle from the 
test piece was varied, the angle being set at 45 deg. and the air pres- 
sure maintained constant at 60 lb. 


OBSERVATIONS 


14 It was noted that with no sand flowing, the quantity of air 
flowing approximated the theoretical discharge for the nozzle. On 
turning on the sand, the quantity of air flowing immediately de- 
creased; and when the sand was “on full,’ the amount of air dis- 
charged was only 40 to 50 per cent of the original quantity. 

15 With constant air pressure and with the sand-controller lever 
in its “on full’ position, on account of the variation in the openings of 
the sand and air ports of the machine, about 30 tests were required 
to be made in order to get even fairly concordant results for the pounds 
of sand discharged per 100 cu. ft. of free air flowing per minute, as 
shown on Line 27, Table 1. For constant pressure, variations in 
the pitotmeter readings were due to the variations in the sand flow- 
ing. As the quantity of sand decreased, the velocity and quantity 
of air increased, but the quantity of sand discharged per pound of 
iron removed also decreased. This can be seen by comparing the 
readings on Line 34 for tests 7 and 7A. It would seem that further 
experiments might prove that at other angles than 30 deg., and at 
other distancés than 8 in., and at other pressures than 60 lb., less 
sand would be used per pound of iron removed if the sand-regulating 
valve was not open so much. This would make the energy of the 
individual grain of sand greater and its blasiing effect larger. Fur- 
thermore, there would be less piling up of the sand on thesurface 
being sand-blasted. 


RESULTS 


16 From these quantitative experiments on a cast-iron test bar 
for these three variables, within the limits used, the results as given 
in Table 1 and graphically shown in Figs. 7, 8 and 9, are as follows: 

a For a constant distance of 8 in., and at a constant angle of 
45 deg., between the nozzle and the test bar, the equiva- 
lent amount of free air delivered per minute, the iron re- 
moved, the sand discharged, and the sand used up per 
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100 cu. ft. of free air flowing per minute, vary directly 
with the pressure; the per cent of usable sand remaining, 
and the amount of sand discharged per lb. of iron removed : 
vary inversely with the air pressure in the machine. 3 
(See Lines 19, 24, 27, 33, 30, and 34, Fig. 7.) i 

6b With a constant pressure of 60 lb. in the machine, and a | 

t 





fixed distance of 8 in. from the nozzle to the test bar, the 
largest amount of metal was removed, and the least 
amount of sand was required to do it, when theangle 
between the nozzle and the surface of the work was from 
40 to 60 deg. (See Lines 24 and 34, Fig. 8.) 

c With a constant pressure of 60 Ib. in the machine and a con- 
stant angle of 45 deg. between the nozzle and the surface 
of the test bar, the largest amount of metal was removed, 
and the least amount of sand was required to do it, when 
the distance from the nozzle to the work was about 6 in. 
(See Lines 24 and 34, Fig. 9.) 

d With a constant pressure of 60 Ib. and a fixed distance of 8 

4 in. from the nozzle to the test bar, the amount of sand 
used up varies as the directness of the blast. (See Line i 
33, Table 1.) : 

e With a constant pressure of 60 lb., and a constant angle of 
45 deg. between the nozzle and the test bar, the amount 
of sand used up varies inversely with the distance of the 
nozzle from the test bar. (See Line 33, Fig. 9.) 

f For a constant angle of 45 deg., and a fixed distance of 8 
in. between the nozzle and the test bar, twice as much 
metal was removed at 56 Ib. pressure as at 20 Ib.; at 64 
lb. as at 30 Ib.; and at 72 lb. pressure as at 40 Ib. (See 
Line 24, Fig. 7.) 

g With a constant pressure of 60 lb., and a constant distance 
of 8 in. between the nozzle and the test bar, over 20 per i 
cent more metal was removed with the nozzle held at 45 . ! 
deg. than at 90 deg. to the test bar. 

h With a constant pressure of 60 lb., and a constant angle of 
45 deg. between the nozzle and the test bar, 60 per cent 
more metal was removed when the nozzle was held at 6 

in. than at 10. in. from the test bar. 


























<0 t genmtbewrer sumo: ot 
E é oe 


TESTS OF A SAND-BLASTING MACHINE 


CONCLUSION 


17 Unless it can be shown that the extra cost of compressing 100 
cu. ft. of free air per hour to a pressure of 70 or 80 Ib. per sq. in. ex- 
ceeds the cost to compress it to 30 or 40 Ib. by the cost of an hour of 
labor (25 cents), the higher pressures, delivered at an angle of about 
45 deg., and at a distance of about 6 in. from the work, are to be pre- 
ferred for the sand-blasting of cast iron. 




































STANDARD CROSS-SECTIONS 


By H. pe B. Parsons, New Yorxk 


Member of the Society 


The advantage of a uniform method for cross-sectioning drawings 
so as to indicate graphically the materials, is so obvious that it needs 
no argument. For some years the tendency has been in this direc- 
tion, with the result that many materials are represented on drawings 
by substantially uniform methods of cross-sectioning. 

2 The author suggests that this Society promote this question of 
the use of uniform methods for indicating materials on engineering 
plans, and to this end supplements this paper with a sheet of typital 
standard cross-section designs (Fig. 1). 

3 Communications. were sent by the author to engineers, manu- 
facturers, engineering societies and others having occasion to make 
cross-sectional drawings, in the United States, England, France 
und Germany, asking that they submit the standards, if any, used by 
them. The replies were given to the writer’s assistant, Mr. David 
©. Johnson, who tabulated them and prepared the accompanying 
sheet of standard sections (Fig. 1), so that they might agree so far as 
possible with the standards now in use. 

4 It is not practical to indicate every material by standard cross- 
sectioning, because there are so many alloys and materials of like 
nature which can always best be defined by lettering on the drawing. 

5 The author believes that such a standard form as the one sub- 
mitted would meet all requirements and create uniformity in prac- 
tice which would be very desirable. Many have adopted standards 
of their own, but it would seem to be better if the same standards 
were used by all. 


Tur AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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GAS POWER SECTION 


PRELIMINARY REPORT OF LITERATURE 
COMMITTEE 


(XII) 


et, SEE POM Bs eo 8a 


ARTICLES IN PERIODICALS! 


Diese, Enatne, 335-B.u.p. The Engineer (London), October 27, 1911. 4 p., 
1 fig. OfB. ; 






Describes a 4-cylinder, 4-cycle engine, 335 maximum b.h.p. at 220 r.p.m., 15 in. cylinder, 22 in. : 
stroke, built by Williams & Robinson. 













DizseL Enaines For Sea-Gorne VessEts, J. T. Milton. Journal American 
Sociéty Naval Engineers, August 1911. 27 pp., 9 curves. 


Read before the 52d session of the Institute of Naval Architects, April 6, 1911. 
Gas Enoines: Toetrr Design AND AppLicaTION, E.N. Percy. International 

Marine Engineering, November, 1911. 2 pp., 1 table. 
Continued from October International Marine Engineering. 
(JASGENERATOR, Erin NEVER AMERIKANISCHER. Der Praktische Maschinen- 

konstrukteur, August 31,1911. 2 pp., 2 figs. 5C. 

Describes the gas producer made by the Gibbs Gas Engine Co., Atlanta, Ga. 
GASTURBINEN, User, P. Langer. Stahl und Eisen, October 19, 1911. 5 pp., 

6 figs., 3 curves. bdef. 


Article on gas turbines. 






({AZOGENE POUR CHARBONS BITUMINEUX. Le Mois Scientifique et Industrielle, 
August 1911. 1 p., 3 figs. 





Bituminous coal gas producer. 





Extract from The Practical Engineer, London, May 26, 1911. 









({AZOGENES; LEUR HISTOIRE, LEUR RENDEMENT, M. Dowson. Le Mois Scien- 
tifique et Industrielle, August 1911. 6 figs., 4 tables. df. 







Gas producers; their history and operation. Extract from Engineering, May 5, 1911. 





! Opinions expressed are those of the reviewer not of the Society. Articles 
are classified as a comparative; b descriptive; c experimental; d historical; 
e mathematical; f practical. A rating is occasionally given by the reviewer, 
2s A, B,C. The first installment was given in The Journal for May 1910. 
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D’ HyDROCARBURES DANS LES GARAGES D’OMNIBUS AUTOMOBILE SYSTEME Mar- 
TINI ET HuNEKE, ETABLISSEMENT DES Depots, M. A. Mariage. Journal 
Société des Ingénieurs Civils de France, August 1911. 28 pp., 7 figs., 2 tables. 


Description and plans of the fire-proof storage houses for gasolene of the Paris Automobile 
Omnibus Co. 
INTERNAL-COMBUSTION ENGINE, A New. The Iron Age, October 12,1911. 1p., 
2 figs. 0b. 
New type of 4-cylinder, 4-cycle, water-cooled gasolene motor. 
INTERNAL-CoMBUSTION ENGINE FOR Nava Purposes, THe. The Engineer 
(London), October 27,1911. lp. adfA. 
Article sets forth what has been done towards finally replacing the steam engine with the oil 
engine on shipboard. 


Moteur A COMBUSTION INTERNE PERFECTIONNE A DEUX TEMPS. Le Mois 
Scientifique et Industrielle, August 1911. 21 pp., 6 figs. 


Improved 2-cycle, internal-combustion engine. Extract from The Engineer, (London) 
May 19, 1911. 
Mortevurs A Pérrote. Revue de Mécanique, September 30, 1911. 19% pp., 70 
figs., 1 table, 1 curve. b. 
Brief accounts of various oil engines are represented by patent records. 
Moreur DiEsEt A GRANDE VITESSE, RECHERCHES, THERMODYNAMIQUES SUR LE, 


M. Seileger. Revue de Mécanique, September 30, 1911. 17 pp., 3 figs., 
9 tables, 7 curves. A. 


Describes thermodynamic researches of 300-h.p. Diesel engine. 
Or Enetnes, Mopern Drsszt, F. Schubeler. Journal American Society of 
Naval Engineers, August 1911. 14 pp. 
Before the Zurich meeting of The Institution of Mechanical Engineers, July 1911. 


Propucer Gas CanaL Tuapoat, A. Power, October 17,1911. 2pp.,3 figs. b: 
Describes boat and its power equipment. 


Propucer Gas, Two Marine INSTALLATIONS OF, C. B. Page. Transactions 
Society of Naval Architects and Marine Engineers, Vol. 18, p. 219. 7 pp., 
4 figs., 1 curve. 


Before the Society of Naval Architects and Marine Engineers. 


ROHOELMOTOREN NEUERE, Ch. Pohlmann. Dinglers Polytechnisches Journal, 
October 7, 14, 21, 28, 1911. 21 pp., 34 figs., 6 tables, 8 curves. A. 


Description, design, tests and construction of new crude oil motors. 


Scuirrs DigsELMOTOR IN RussLAND, DER VIERTAKT, R. MurRAverR. Zeil- 
schrift des Vereines deutscher Ingenieure, September 30, 1911. 5% pp., 12 
figs., 2 tables. bf. 


The 4-cycle marine Diesel engine in Russia. 
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Suction Gas ENGINES AND Propucers, W. A. Tookey. Engineering, October 
6,1911. 34 pp., 6 tables, 6 curves. ac. 


Comparison of test performances with results obtained in daily operation, and notes on working 
costs for fuel, oil, labor, etc. 





TEER zUM BETRIEBE VON DIESELMOTOREN, VERWENDUNG VON, W. Allner- 
Denan. Journal fir Gas and Wasserversorgung, October 21, 1911. 6 pp., 
4 tables, 6 curves. 


The use of tar in Diesel engines. 
TORFGASKRAFTANLAGE AUF DER OST DEUTSCHEN AUSSTELLUNG PosEN, 1911, 
Diz. Dinglers Polytechnisches Journal, October 28, 1911. 3 pp., 5 figs. A. 


Description of a peat gas producer and peat gas engine. 


Vatve Gear, THE Jenckes. The Iron Age, October 12, 1911. 2 pp., 2 figs. b. 
A Corliss type gear for gas engines. 
WIRTSCHAFTLICHKEIT DER GLEICHDRUCK-GAS-UND-GAS-DAMPF-TURBINEN, J. 
Nadrowski. Die Turbine, October 5, 1911. 3} pp., 20 curves. e. 


Contribution to the question of the economy of constant-pressure turbines and of gas-steam 
turbines. 





GENERAL NOTES 
NATIONAL SOCIETY FOR THE PROMOTION OF INDUSTRIAL EDUCATION 


The annual convention of the National Society for the Promotion of Indus- 
trial Education was held in Cincinnati, Ohio, November 2-4. The general 
topic discussed on the first day of the convention was Cincinnati’s Experience 
in Industrial Education, and among the papers presented were: Codperative 
plan of the University of Cincinnati, Prof. Herman Schneider; Vocational Plans 
in the High School, P. A. Johnston; Part-Time School for Apprentices, J. H. 
Renshaw; The Ohio Mechanie’s Institute, J. L. Shearer. The subjects pre- 
sented the second day were: What Types of Continuation Schools are Most 
Needed in American Conditions, What can be done for the Factory Worker 
Through Industrial Education, Industrial Education Necessary to the Econom- 
ical Development of the United States, and Should Trade Schools for Youths 
above Sixteen Years of Age be Provided at Public Expense. These subjects 
were discussed by many prominent in the educational and industrial field. 


AMERICAN ROAD BUILDERS’ ASSOCIATION 


The annual convention of the American Good Roads Congress and the Amer- 
ican Road Builders’ Association was held at Rochester, N. Y., November 14 
17. The papers read were: Highway Administration, J. A. Bensel; Adapta- 
bility of Roads and Pavements to Local Conditions, Nelson P. Lewis; Prob- 
ems of Construction, W. W. Crosby, Mem.Am.Soc.M.E.; Problems of the 
Contractor, C. A. Crane; and Maintenance of Roads and Pavements, James 
Owen, Mem.Am.Soc.M.E. An illustrated lecture was also given which 
included the subjects, European Roads, A. H. Blanchard; American Roads, 
P. D. Sargent; New York Roads, by a representative of the New York State 
Commission of Highways. 


THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 


The annual meeting of the Society of Naval Architects and Marine Engi 
neers was held in the Engineering Societies’ Building, New York, November 
16-17. The subjects presented included the following: On the Maximum 
Dimensions of Ships, Sir William H White, Hon. Mem.Am.Soc.M.E.; Dock 
Facilities of New York City; Present Facilities and Proposed Improvements 
and Enlargements, W. J. Barney; Some Model Basin Investigations of the 
Influence of Forms of Ships upon Their Resistance, D. W. Taylor; The Resist- 
ance of Some Types of Merchant Vessels in Shallow Water, H. C. Sadler; 
Panama Canal and American Commerce, Lewis Nixon; Experiments on th: 
Froude, Prof. C. H. Peabody; The Effects of Waves upon a Taffrail Log, Pro! 
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H. A. Everett; The Raising of the Dry Dock Dewey, L. 8. Adams; The Best 
Arrangements for Combined Reciprocating and Turbine Engines on Steam- 
ships, G. W. Dickie, Mem.Am.Soc.M.E.; Various Arrangements of Turbine 
Propulsive Machinery, E. H. B. Anderson; Ship Calculations, Derivation and 
Analysis of Methods, T. G. Roberts; Economy in the Use of Fuel Oil for 
Harbor Vessels, C. A. McAllister; The Marine Terminal of the Grand 
Trunk Pacific Railway, W. T. Donnelly, Mem.Am.Soc.M.E.; Cargo Trans- 
ference at Steamship Terminals, H. McL. Harding; Heavy-Oil Engines for 
Marine Propulsion, G. C. Davidson; Automatic Record of Propeller Action in 
an Electrically Propelled Vessel, W. L. R. Emmet, Mem.Am.Soc.M.E.; Some 
Applications of the Principles of Naval Architecture of Aeronautics, William 
McEntee. 


THE AMERICAN INSTITUTE OF MINING ENGINEERS 


The December meeting of the New York Section of the American Institute 
of Mining Engineers to be held in the Engineering Societies’ Building, New 
York, at a date not yet determined, will be devoted to an account of the Insti- 
tute’s recent visit to Japan, by members who participated. 


NOVA SCOTIA SOCIETY OF ENGINEERS 


The annual meeting of the Nova Scotia Society of Engineers was held in 
Halifax, November 15-16. Papers on the following subjects were read and dis- 
cussed: Development of Electric Power at the Pit Mouth, P. A. Freeman; 
History of Roads in Nova Scotia, J. W. MacKenzie; Notes on Cement and Con- 
crete Work, H. C. Burchell. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


At a meeting of the American Society of Civil Engineers on November 1, 
papers on A Reinforced Concrete Stand-Pipe, and Retrogression in the Tensile 
Strength of Concrete, were read. On November 15, Some of the Properties of 
Oil Mixed Portland Cement Mortar, and A Reinforced Concrete Bridge across 
the Almendares River, Havana, Cuba, were read and discussed. 





PERSONALS 


H. P. Ahrnke, lately associated with Barrett Manufacturing Co., New York, 
has accepted a position with the Dairy Machinery and Construction Co., 
Derby, Conn. 


Charles B. Barnes, formerly connected with Holabird & Roche, Chicago, 
Ill., has entered the service of the Western Electric Co., as assistant works 
engineer of the Hawthorne Station, Chicago, IIl. 


George H. Benton, formerly manager of the valve department of the 


Fairbanks Co. of New York, has accepted the Presidency and Managership 
of the Benton Valve Co., New York. 


Sydney Bevin has become associated with the Matheson Automobile Co., 
Wilkes Barre, Pa. 


J. G. Bower, formerly sales agent of the Pressed Steel Car Co., Chicago, III., 


has become identified with Hale & Kilburn Co. of the same city. 


C. D. Chasteney has resigned his position as sales manager of the De Laval 
Steam Turbine Co., Trenton, N. J., having acquired an interest in the Turbine 
Equipment Co., New York, which company represents the De Laval Steam 
Turbine Co. in New York State, parts of New Jersey and Connecticut. 


Howard B. Clark resigned as member of the firm of Flaherty & Clark on 
June Ist and is now Eastern representative for the McNaull-Boiler Manufac- 
turing Co. of Toledo, O., manufacturers of water tube boilers. 


Dwight S. Cole has opened an office in the Ashton Building, Grand Rapids, 
Mich., as a consulting engineer and mechanical expert and expects to pay 
particulae attention to steam power plants. 


Fred. B Corey has accepted a position with the Union Switch and Signal Co., 
Swissvale, Pa. He was formerly identified with the General Electric Co., 
Schenectady, N. Y. 


Claude E. Cox has been appointed resident manager of the research depart- 
ment of the General Motors Co., Detroit, Mich. Mr. Cox was until recently 
engineer and factory manager of the H. E. Wilcox Motor Car Co., Minneapolis 
Minn. 
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Horace W. De Ved has severed his connection with the Westchester Light- 
ing Co., Mt. Vernon, N. Y., to accept the position of superintendent of distri- 
bution with the N. Y. & Queens Electric Light and Power Co., Long Island 
City, N. Y. 


John A. Doane has been appointed manager of the Worcester Piston Ring 
and Machine Works, Worcester, Mass. Mr. Doane was recently in the employ 
of the American Optical Co., Southbridge, Mass., in the capacity of super in- 
tendent of machine shops, 


8. A. Donaldson has left the employ of Westinghouse, Church Kerr & Co., 
New York, to accept a position with the New Jersey Zinc Co., at their Palmer- 
ton, Pa. plant. 


Robert Noyes Fairbanks has become identified with Dutilh-Smith, McMil- 
lan & Co., London, England. He was until recently manager of the Fairbanks 
Co., London, England. 


David C. Fenner has resigned his position of sales manager of the Alden 
Sampson Manufacturing Co., New York, and has joined the forces of the Saurer 
Motor Co., New York. 


E. W. Hamilton has entered the employ of Harvey Hubbell, Inc., Bridgeport, 
Conn., in the capacity of mechanical engineer, 


Robt. T. Hazelton, until recently superintendent of the Bridgeford Machine 
Tool Works, Rochester, N. Y., has accepted a position with the Cincinnati 
Milling Machine Co., Cincinnati, O. 


R. 8S. King, formerly associated with the civil engineering department of 
the Indiana Steel Co., Gary, Ind., has become connected with the engineering 
department of Fairbanks, Morse & Co. of Chicago, Ill., having charge of a 
coaling station being erected by them for the Chicago Great Western Rail- 
road at Des Moines, Ia. 


Milton Kraemer, formerly connected with the A. & F. Brown Co., New York, 
has become associate consulting engineer of the U. S. Gold Dredging and Rub- 
ber Co. of Ecquador, South America, with offices in New York. 


W. Edward Lindsay, has assumed the duties of consulting engineer of the 
United Cork and Seal Co., Millis, Mass. Mr. Lindsay was until recently secre- 
tary and treasurer of the American Welding Co., Carbondale, Pa. 


James H. MacLauchlan has severed his connection with the American 
Cement Engineering Co., Yorktown, Va., and has opened offices in Baltimore, 
Md., to conduct business under the firm name of J. H. MacLauchlan Engi- 
neering Co. 


Robt. C. Monteagle has accepted a position with the Lockwood Manufac- 
turing Co., East Boston, Mass., in the capacity of assistant manager and 
engineer. He was lately connected with the Atlantic Works, of the same 
city, as chief engineer. 
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_ Albert B. Moore, until recently associated with Woodman & Moore, Chi- 
cago, IIl., has been appointed treasurer and general manager of the Shedd Elec- 
tric Co., Inc., Roselle Park, N. J. 


C. J. Morrison, who has been holding the position of manager of the depart- 
ment of effective organization of Suffern & Son, New York, has been made man- 
ager of the engineering department of that firm. 


Charles C. Phelps has severed his connection with the Ferguson Publish- 
ing Co., New York, as editor of Steam and is now with Stevens Institute of 
Technology, Hoboken, N. J., having accepted the position of manager of Cas- 
tle Stevens which was recently acquired from the Stevens family to serve as a 
student commons and dormitory and headquarters for the Alumni and Faculty 
of the Institute. Mr. Phelps will also fill the offices of secretary of Stevens 
Alumni Association and editor of the Stevens Indicator. 


S. B. Redfield, formerly associate editor of the American Machinist is 
now engineer of tests for the Inge:soll-Rand Co., Phillipsburg, N. J. 


Wm. B. Sturgis has become connected with the E. I. de Pont de Nemours 
Powder Co., Wilmington, Del. Mr. Sturgis was, until recently, superintendent 
of the Dover White Marble Co., Wingdale, Duchess Co., N. Y. 


George E. Titcomb has entered the employ of the McMyler Interstate Co., 
as Eastern branch sales manager, with headquarters in New York. He was 
formerly vice-president of the J. M. Dodge Co., Philadelphia, Pa. 


George E. Williamson has resigned as engineer of works of the Union Metal- 
lic Cartridge Co., Bridgeport, Conn., to become chief engineer of the Strath- 
more Paper Co., Mittineague, Mass. 


Chas. D. Young, formerly assistant engineer of motive power of the Penn- 
sylvania Lines West of Pittsburgh, has been appointed engineer of tests of the 
same company, with headquarters in Altoona, Pa. 
















ACCESSIONS TO THE LIBRARY 


Witrn CoMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Lists of accessions to the 
libraries of the A. I. E. E. and A. I. M. E. can be secured on request from Calvin W. Rice, 
Secretary, Am.Soc.M.E. 


AMERICAN CerRAmic Society. Transactions, Vol. 13. Columbus, 1911. Gift 
of the society. 

AMERICAN INSTITUTE OF CONSULTING ENGINEERS. Constitution and By-Laws, 
1911. 

BEARINGS AND THEIR LusBRIcATION, L. P. Alford. New York, American 
Machinist, 1911. Gift of the author. 


The first book on the subject and of particular importance at the present time because of the 
modern tendency to high-speed shafts and spindles and friction-reducing forms of bearings. 


Conereso CrentIFIco (First PAN-AMERICAN). Ciencias Econémicas y Soci- 
ales, Vol. 3. Santiago de Chile, 1911. 

———Ciencias Pedagégicas y Filosofia, Vol. 1. Santiago de Chile, 1911. Gift 
of the congress. 

D£NIVELLATIONS DE LA VOIE ET OSCILLATIONS DES VEHICULES DES CHEMINS 
DE Frr, Georges Marié. Pt.1. Paris, Dunod & Pinat, 1911. 

HANDBOOK ON THE GAs Enarne, H. Haeder. Translated from the German 
and edited by W. M. Huskisson. New York, McGraw Hill Book Co., 1911. 

The book is designed for engine builders, engineers, and engineering students, and is absolutely 
free of descriptive matter. The treatment is entirely mechanical and mathematical, differing in that 
respect from Diederich’s translation of Gildner’s manual published last year. The translator has 


added a large number of useful tables in'the appendix, as well as a description of the Humphrey pump. 
The volume is a distinct contribution to the literature in English on the subject. 


LEATHER FOR BOOKBINDING, REPORT OF THE COMMITTEE ON. Edited for the 
Society of Arts and Worshipful Company of Leathersellers by Viscount 
Cobham. London, 1905. Gift of the society. 

LIMITES DE FLEXIBILIT£ DES Ressorts ET LIMITES DE VITESSE DU MATERIEL 
DES CHEMINS DE FER, Georges Marié. Paris, Dunod & Pinat, 1911. 
LOUISVILLE AND NASHVILLE RAILROAD Company. 16TH Annual Report, 1911. 

Louisville, 1911. Gift of Miss Helen Craig. 

MITTEILUNGEN UBER FORSCHUNGSARBEITEN AUF DEM GEBIETE DES INGEN- 
IEURWESENS. Pts. 10-13, 17-18, 20-106. Berlin, 1903-1911. 

Mopern ScreNcE CLus or GREATER New York. Year Book, May1907. 1907. 

Mounicrpat Evectric Light COMMISSIONERS OF CHICOPEE, MAss., Report To, 
C. W. Whiting. Chicopee, 1911. Gift of the author. 

NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. Proceedings of 23rd 
Annual Convention, 1911. Gift of the association. 
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NATIONAL CONSERVATION CONGRESS, ADDRESSES AND PROCEEDINGS OF THE 
Seconp, 1910. Washington, 1911. 
New ORLEANS SEWAGE AND WATER Boarp, 22ND, 23RD, SEMI-ANNUAL REPORT 
or, New Orleans, 1910-1911. Gift of the board. 
NraGarRA RIVER AND Victnity (Map), 1901. Gift of Miss H. 8. Welling. 
Norwicnh University. Catalogue, 85th-92d year. 1903-1910. Gift of 
the university. 
Roster of the Graduates and Past Cadets, 1819-1907. Bradford, 1907. 
Gift of the university. 
Per Yana University. 4th Catalogue, 1910. Tientsin, 1911. Gift of the 
university. 
PENNSYLVANIA State CoutiteEGE. General Catalogue, 1910-1911. State Col- 
lege, 1911. 
School of Engineering Announcement, 1911-1912. State College, 1911. 
Gift of the college. 
POWER AND Ptiow, L. W. Ellisand E. A. Rumely. GardenCity, N. Y., Double- 
day, Page & Co., 1911. Gift of the authors. 


This is probably the first work written on power plowing, and should be of especial interest for that 
reason. The treatment is elementary, but thorough. Although the investigation and study have 
had the support of a company making gasolene power engines for traction and general farm use, all 
reference to their product has been eliminated. The work is almost a necessity to those who are 
contemplating the use of power in soil cultivation, and contains much historical matter not easily 
found elsewhere. A two-page bibliography is given. 


PRELIMINARY REPORTS ON THE DisposaAL oF NEw YorkK’sSSEWAGE. Metro- 
politan Sewage Commission of New York, 1911. 

PROBLEMS IN Rattway Recuuation, H. 8. Haines. New York, Macmillan 
Co., 1911. Gift of the author. 


This work is in a sense a continuation of the author’s Restrictive Railway Legislation and his Rail- 
way Corporations as Public Servants. Its purpose, as stated in the preface, is to follow the course of 
railway regulation in this country, to consider the various ways in which the railways have affected 
the public welfare, and to offer some suggestions for future regulation. “The author, a well-known 
railway authority and ex-president of the American Railway Association, has presented a work with- 
out bias, and singularly free from political argument. The appendix contains some very useful tables, 
notably the classification of the various subsidiary companies of the Interborough Metropolitan 
System and the index is unusually useful. 


ScreNTIFIC AMERICAN. Vol. 38, (except title page); vol. 39, (except no. 1, 
and pp. 27-31, 45-46, and title page); vol. 40; vol. 41 (except no. 17); vols. 
42-43; vol. 44 (except no. 6); vols. 45-46; vol. 47, (except nos. 17 and 19); 
vols. 48-50; vols. 51-53 (except title page) ; vols. 54-58; vol. 59 (except no. 10) ; 
vols. 60-61; vol. 62 (except no. 6 and title page); vols. 63-67; vols. 68-76 
(except title pages); vols. 77-80; vol. 81 (except no. 21); vols. 82-83; vol. 
84, lacks no. 24; vols. 85-86 (except title pages); vol. 87 (except no. 16 and 
title page), vol. 88 (except title page) ; vols. 89-91 ; vol. 92 (except title page) ; 
vol. 93 (except no. 1 and title page); vol. 94 (except no. 15); vols. 95-98; 
vol. 99 (except nos. 16, 23); vol. 100 (except no. 3); vol. 101. New York, 
1878-1909.. Gift of Miss H. 8. Welling. 

ScreNTIFIC AMERICAN SUPPLEMENT. Vols. 5-12; vol. 13 (except no. 319); 
vols. 14-25; vol. 26 (except no. 668) ; vols. 27-30; vol. 31 (except pp. 12503-4) ; 
vol. 32; vol. 33 (except nos. 840, 849); vols. 34-36; vol. 37 (except no. 51); 
vols. 38-44; vol. 45 (except no. 1172); vols. 46-50; vol. 51 (except no. 1328); 
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vols. 52-55; vol. 56 (except nos. 1437, 1447); vols. 57-59; vol. 60 (except no. 
1539 and title page); vols. 61-63; vol. 64 (except no. 1651); vols. 65-€8. 
New York, 1878-1909. Gift of Miss H. S. Welling. 

———Catalogue of valuable papers contained in Supplement 1876-1902. Gift 
of Miss H. 8. Welling. 

TestTiInGc OF Mortitve Power Enatines, R. Royds. London-New York, Long- 
mans, Green & Co., 1911. 


The author is lecturer on motive power engineering in the Glasgow and West of Scotland Technical 
College, and the book is intended for practical use by engineering students. It covers not only engines 
proper, but gas producers, refrigerating apparatus, fans and blowers, water turbines and pumps, and 
gives examples and forms for laboratory use. 


TRACK ELEVATION WITHIN THE CORPORATE LIMITS OF THE CITY or CHICAGO, 
January 1909-June 1911. Compiled by Track Elevation Department of 
the City of Chicago. Chicago. Gift of the Commissioner of Track Ele- 
vation. 

Unitep States Patent Orrice. Alphabetical Lists of Patentees and Inven- 
tions for quarter ending December 31, 1885. Gift of Capt. H. L. Prince. 

WESTMINSTER CoLLEGE. Catalogue, 1911. Fulton, Mo., 1911. Gift of the 
college: 

ZEITSCHRIFT DES VEREINES DEUTSCHER INGENIEURE. Vol. 1; vol. 2, nos. 
1-8, 11-12; vol. 3, nos. 1-2, 5-12. Berlin, 1857-1859. ¥ 
4 


EXCHANGES 


INSTITUTION OF CiviL ENGINEERS OF IRELAND. Transactions, vol. 37. Dub- 
lin, 1911. 

INSTITUTION OF Navat ArcHITECTs. Transactions, vol. 53, pt. 1. London, 
1911. 

NortTHEAST Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS. Transac- 
tions, vol. 27. Newcastle-upon-Tyne, 1911. 


TRADE CATALOGUES 


GARDNER MacuineE Co., Beloit, Wis. Milling and grinding machines, 6 pp. 

GENERAL Etectric Co., Schenectady; N. Y. Bull. no. 4857, switchboard 
and high tension relays for alternating and direct current, 32 pp.; Bull. 
no. 4876, small plant direct current switchboards, 11 pp.; Bull. no. 4878, 
cloth pinions, 6 pp.; Bull. no. 4879, direct-current instruments, types D-7 
and D-8, 12 pp.; Bull. no. 4882 enclosed flame arc lamps, 4 pp.; Bull. no. 
4883, Curtis steam turbine generators, 50 pp.; Bull. no. 4884, lighting of 
iron and steel works, 39 pp. 

Hess-Bricut Mre. Co., Philadelphia, Pa. Ball bearings in circular saws and 
jointing machines, 3 pp. 

INGERSOLL-RAaND Co., New York. Class N-E-1, air compressors, 12 pp.; 
Class N-F-1, air compressors, 12 pp. 

Mopet Heatine Co., Philadelphia, Pa. Model boilers and radiators, 24 pp. 

Suerwoop Mre. Co., Buffalo, N. Y., Steam and gasolene engine appliances, 
62 pp. 

UnpERFEED Stoker Co. or America, Chicago, Ill. Publicity Magazine, 
October 1911, devoted to the interests of the Jones stoker, 16 pp. 





EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to be the medium of securing 
better positions for its members. The Secretary gives this his personal attention and is most 
anxious to receive requests both for positions and for men available. Notices are not repested 
except upon special request. Copy for the Bulletin must be in hand before the 12th of the 
month. The list of men available is made up of members of the Society and these are on file 
in the Society office together with names of other good men not members of the Society, who 
are capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


For the following kindly send application to the Society and we will forwaid. 


0125 Manager for firm manufacturing high-grade ball bearihgs desires 
assistant capable of handling office correspondence and sales propositions. 
Good opportunity for advancement for energetic and capable young man 
Location New York. . 

0126 Philadelphia concern desires two or three men capable of demonstrat- 
ing the qualities of their product in the shops of customers; must have actual 
experience in shop work and with qualifications necessary for a salesman. 


0127 Iron and steel chemist for New Jersey concern. 


0128 Young mechanical engineer capable of taking charge of laying out 
details of cement machinery, involving structural steel work, installation of 
boilers, turbines, grinding machinery, etc. Position will pay $125 to $150 a 
month to start with good possibilities for promotion for right man. Location 
Middle West. 


0129 Professorship at Northwestern University, salary $2700; appointee 
to take permanent charge in September 1912 of instruction in thermody- 
namics and engines and temporary charge of instruction in hydraulics. 
Communicate with John F. Hayford, Director, Evanston, IIl. 


0130 Attention is called to Examination Order No. 288 for a mechanical 
engineer at a salary of $2500. Address application to Superintendent U. S. 
Naval Academy, Annapolis, Md., before Friday, December 15, 1911. Copies 
of the Order can be secured at office of the Society. 


0131 Instructor in engineering mechanics to begin work in February. 
Salary $1100 to $1300 for college year. Prefer young mechanical engineer of 
two or three years’ experience with good college record and who would like 
to teach. Location Michigan. 
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0132 Professor of mechanical engineering for Michigan college; salary 
$2500 to $2700. First requisite, character and abstemious habits, second, 
ability to teach well and inspire students. Must have capability for adminis- 
tration and if possible aptitude for original investigations. 


MEN AVAILABLE 


317 Experienced mechanical engineer desires engagement for part tine; 
has specialized in hydraulics and power-house work. 


318 Experienced superintendent, design and management in shop and field, 
desires to locate in Philadelphia or vicinity. 


319 Member; technical education, with broad experience as master mechanic 
of different kinds of rolling mills and steel works, steam engineering and modern 
machine-shop practice, competent to take a position of traveling and intro- 
ducing machinery. 


20 Junior member, available January 15; age 27, eight years’ experience 
in shop, drafting, purchasing and construction work; past three years mechan- 
ical engineer for holding company of public utilities on design, construction, 
economical operation, extensions, valuations, etc., desires position preferably 
offering opportunity for identification with business of manufacturing, con- 
sulting or contracting engineers, by later investment. 


321 Member; technical education, seven years’ experience as chief drafts- 
man and superintendent of large engine company; at present construction engi- 
neer for large irrigation company. 


322 Junior; technical education and training; testing department large 
electrical concern, operating and managing pumping station, drafting and 
designing; at present employed as draftsman and designer by hydro-electric 
company; would like to make connection as testing engineer in large manufac- 
turing plant or as manager or assistant manager of power plant. 


323 Mechanical engineer and expert, over 25 years’ experience in designing, 
manufacturing and installation of special fine machinery, tools and specialties. 


324 Associate; over 15 years’ experience as draftsman, squad foreman, chief 
draftsman and checker on blast furnaces, steel, rolling, pipe and tube mills, 
coke ovens and chemical apparatus, open for engagement, preferably as assis- 
tant or chief draftsman, or assistant superintendent. 


325 Associate; 18 years’ experience in designing and building automatic 
machinery; also established a system for this class of work; 39 years of age; 
desires position as superintendent or assistant manager; at present employed. 


326 Student member; recent technical graduate; practical experience in 
open-hearth steel plant, desires to locate with efficiency engineer or concern 
where there are possibilities for advancement. 
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327 Mechanical and structural engineer, with liberal experience in charge 
of drafting room, on design of furnaces and rolling mills; desires position as 
chief draftsman. 


328 Mechanical engineer, technical graduate, Junior member; desires 
position in sales or purchasing department of industrial establishment. 
Experienced; can give references. 


329 Member, superintendent, wide experience and familiar with modern 
machine-shop practice, expert on tools and methods for increasing produc- 
tion and reducing costs. 


330 Member, mechanical engineer, technical graduate, six years’ teaching 
experience, and four years’ commercial experience, desires position as pro- 
fessor of mechanical engineering, or designing engineering or superintendent 
in commercial work. Experienced in design of steam and gas engines and 
hydraulic machinery, also teaching experience in machine design, shop work, 
steam engineering, hydraulics, mechanical laboratory, and industrial admin- 
istration. At present employed. 


331 Technical graduate with exceptional commercial experience with 
large central station and now in complete charge of New England business 
of mechanical draft concern, including handling of salesmen, desires position 
as assistant to sales manager. 





CHANGES IN MEMBERSHIP 


CHANGES IN ADDRESS 


ADAMS, Kilburn E. (Junior, 1908), Mech. Engr., Boston & Albany R. R., 
Rm. 372, South Sta., Boston, and for mail, 1019 Washington St., Newton- 
ville, Mass. ; 

AHRNKE, H. P. (Junior, 1902), Dairy Mchy. & Constr. Co., Derby, Conn. 

ALLISON, John Franklin (Junior, 1910), Clemson Agri. College, Clemson 
College, S. C. 

ARMSTRONG, Walter J. (Junior, 1907), Mech. Engr., Jeffrey Mfg. Co., 
and for mail, 900 Neil Ave., Columbus, O. 

ARMSTRONG, Wm. M. (Junior, 1894), Corrugated Bar Co., 402 Mutual Life 
Bldg., Buffalo, N. Y. 

ATKINS, David Fowler (1907), 727 Custom House Bldg., New York, N. Y. 

BACON, John Lord (1899; 1909), 1101 Am. Natl. Bank Bldg., San Diego, Cal. 

BAHBNDER, Fred. Geo. (Junior, 1909), 1745 Seminary Ave., Fruitvale, Cal. 

BAGG, Samuel F. (1896), Dist. Agt., The Fidelity & Casualty Co., Savings 
Bank Bldg., Troy, N. Y. 

BAILEY, Frederic W. (Junior, 1901), Skaneateles, N. Y. 

BALDWIN, Abram T. (1899: 1902), Life Member; V. P. and Treas., Preci- 
sion Instrument Co., 49 Larned St. W., Detroit, and for mail, Washington 
Rd. and Maumee Blvd., Grosse Pointe, Mich. 

BANNON, Leo Matthew (Junior, 1908), 32 Bagley St., Central Falls, R. I. 
BARNES, Charles B. (1905; 1908), Asst. Wks. Engr., West. Elec. Co., Haw- 
thorne Sta., Chicago, and for mail, 333 N. Harvey Ave., Oak Park, IIl. 
BERG, Hart O. (1898;-1903), Engr., 72, Victoria St., Westminster, S. W., 
London, England, and for mail, 32 Ave. Des Champs-Elysées, Paris, 

France. 

BEVIN, Sydney (Junior, 1909), Matheson Automobile Co., Wilkes-Barre, and 
for mail, Welles Ave., Forty Fort, Wilkes-Barre, Pa. 

BIXBY, Genl. William H. (1888), Life Member; U.S. Engr., 735 Southern Bldg., 
Washington, D. C. 

BLENCOWE, John (1900), 723 Edgemont Blvd., Los Angeles, Cal. 

BOWER, J. G. (Associate, 1903), Hale & Kilburn Co., 605 McCormick Bldg., 
Chicago, IIl. 

BRAY, Thos. Jos. (1898), Pres., Republic Iron & Steel Co., and 524 Wick Ave., 
Youngstown, O. 

BUSHNELL, Leonard T. (Junior, 1906), Secy. and Treas., Rockwood Sprink- 
ler Co., 208 Columbia St., Seattle, Wash. 

BUTCHER, Joseph J. (1892), 33 Union Ave., South Framingham, Mass. 

CHADWICK, Lee 8. (1899; 1909), Bantam, Conn. 

CHASTENEY, Charles D. (Junior, 1904), Turbine Equip. Co., 30 Church 
St., New York, N. Y. 
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CLARK, Howard B. (1910), East. Rep., The McNaull-Boiler Mfg. Co. of 
Toledo, O., 50 Lefferts Pl., Brooklyn, N. Y. 

COMSTOCK, Charles Warren (Associate, 1906), Ins., 504 N. E. Bldg., Cleve- 
land, O. 

COOPER, Geo. 8. (1909), Mech. Engr., Buckeye Eng. Co., Salem, O. 

CORBETT, Chas. H. (1884), Manager, 1901-1904; V. P., Continental Iron 
Wks., and for mail, 147 Lefferts Pl., Brooklyn, N. Y. 

COREY, Fred Brainard (1894; 1900), Union Switch & Signal Co., Swissvale, 
and for mail, 245 Maple Ave., Edgewood Park, Pa. 

COX, Claude E. (Associate, 1907), Res. Mgr., Research Dept., Genl. Motors 
Co., and for mail, 120 Medbury Ave., Detroit, Mich. 

DAHLSTRAND, Hans (1910), Mech. Engr., Steam Turbine Engrg. Dept., 
Allis-Chalmers Co., and for mail, 247 18th St., Milwaukee, Wis. 

DARBY, John (1907), Con. and Designing Engr., 7 E. 42nd St., New York, 
N. Y., and for mail, 111 Summit Ave., Summit, N. J. 

DEAN, Edmund Willard (1905), Duplex Ptg. Press Co., Battle Creek, Mich. 

DE VED, Horace W. (Junior, 1908), Supt. of Distribution, N. Y. & Queens 
Elec. Light & Power Co., 244 Jackson Ave., Long Island City, and 140 
Broadway, Flushing, N. Y. 

DOANE, John Appleton (1910), Mgr., Worcester Piston Wing & Mch. Wks. 
22 Commercial St., Worcester, Mass. 

DONALDSON, Stuart A. (Junior, 1909), Mech. Dept., New Jersey Zinc Co., 
Palmerton, Pa. 

DUNN, Charles (1897), 480 E. 19th St., Brooklyn, N. Y. 

FAIRBANKS, Robert Noyes (Associate, 1895), Dutilh-Smith, McMillan & Co., 
29 Great St. Helens, E. C., London, England. 

FARRELL, W. Elliston (1900), Treadwell Engrg. Co., Easton, Pa. 

FENNER, David C. (1906) Saurer Motor Co., 411 W. 55th St., New York, 
N. Y., and for mail, 705 Ravine Rd., Plainfield, N. J. 

FESSENDEN, Chas. Horace (Junior, 1909), Instr. Mech. Egnrg., Univ. of 
Mich., 333 New Engrg. Bldg., and 727 Forest Ave., Ann Arbor, Mich. 
FESSENDEN, Edwin A. (Junior, 1908), Asst. Prof. Mech. Engrg., Univ. of 

Mo., and for mail, 1331 Ross St., Columbia, Mo. 

FORSYTH, William (1883), Manager, 1888-1891; Mech. Engr., Railway Age 
Gazette, 417 S. Dearborn St., and Windermere Hotel, Chicago, III. 

GIBSON, Arthur (1892), Cons. Engr., P. O. Box. 35, Nome, Alaska. 

GINGRICH, Charles Sumner (Junior, 1900), The Cincinnati Milling Mch. 
Co., Cincinnati, and for mail, 24 Landon Court, Avondale, Cincinnati, O. 

GLEASON, Gilbert Howe (Junior, 1906), 12 Pearl St., Boston, Mass. 

GRAVER, Alexander M. (Junior, 1908), Mech. Engr., Wm. Graver Tank 
Wks., East Chicago, Ind., and 436 W. 72nd St., Chicago, Ill. 

GREER, Thomas W. (1902), Ch. Engr., Wilbraham-Green Blower Co. Potts- 
town, and for mail, 3465 Frankford Ave., Philadelphia, Pa. 

GREGER, Henrik (Junior, 1904), Asst. Engr., Fred. M. Prescott Steam Pump 
Co., Milwaukee, Wis. 

HADFIELD, Sir Robert Abbott, F.R.S., (1907), Chairman and Managing Dir., 
Hadfield Co., and for mail, Parkhead House, nr. Sheffield, also, Reform 
Club, Pall Mall, London, England. 

HAMERSTADT, William D. (Junior, 1907), Engr., The Rockwood Mfg. Co., 
and for mail, 3209 Central Ave., Indianapolis, Ind. 








CHANGES IN MEMBERSHIP 1723 


HAMILTON, Edward Waterman (Junior, 1905), Mech. Engr., Harvey Hubbell, 
Inc., and for mail, 99 Lenox Ave., Bridgeport, Conn. 

HAZELTON, Robert T. (Junior, 1909), Cincinnati Milling Mch. Co., Cincin- 
nati, O. 

HECHT, Julius Lawrence (1907), Mech. Engr., North Shore Elec. Co., 137 
S. La Salle St., Chicago, and 2022 Harrison St., Evanston, III. 

HEINEN, Emil Jennings (Associate, 1910), Ch. Mech. Estimator, Minneapolis 
Steel & Mchy. Co., and for mail, 3146 Longfellow Ave., Minneapolis, Minn. 

HENES, Harry W. (Junior, 1909), A. Bolter’s Sons, Rm. 612, 118 N. La Salle 
St., Chicago, IIl. 

HIGGINS, Albert W. (Associate, 1906), present address unknown. 

HODGINS, George 8. (1908), 565 W. 139th St., New York, N. Y. 

HUBBARD, Allen (1910), Cons. Engr., 88 Pearl St., Boston, Mass. 

HYDE, Charles E. (1885), Marine Engr. and Naval Arch., 424 W. 20th St., 
New York, N. Y. 

JAQUES, Wm. H. (1893), Hotel Puritan, 390 Commonwealth Ave., Boston 
Mass. 

JOHNSON, Arthur E. (1890; 1892), Life Member; Designer, Ordnance Office, 
War Dept., Washington, D. C. 

JOHNSON, Paul F. (1905), 628 Shepard Ave., Milwaukee, Wis. 

JONES, W. Clyde (Junior, 1892), Lawyer, Genl. and Pat. Law, Rm. 1610, 
104 W. Monroe St., Chicago, IIl., and 2 Rector St., New York, N. Y. 
JUNKERSFELD, Peter (1910), Asst. to Second V. P., Commonwealth Edison 

Co., and for mail, 120 W. Adams St., Chicago, IIl. 

KING, Roy Stevenson (1904; 1910), Engrg. Dept., Fairbanks Morse & Co. of 
Chicago, IIl., 1706 8. W., 9th St., Des Moines, Ia. 

KOENIG, Adolph G. (Associate, 1909), Member of Firm, Mortensen & Co., 
114-116 E. 28th St., New York, N. Y., and 43 Eldorado Pl., Weehawken, 
N. J. 

KRAEMER, Milton (Junior, 1910), Assoc. Cons. Engr., U.S. Gold Dredging 
& Rubber Co. of Ecquador, S. A., 39 Liberty St., and for mail, 65 Park 
Ave., New York, N. Y. 

LAMAR, Philip Rucker (1911), The So. Cotton Oil Co., Savannah Bank & 
Trust Co. Bldg., Savannah, Ga. 

LARKIN, William H., Jr. (1904), Exec. Engr., C. W. Hunt Co., and for mail, 
106 Bement Ave., West New Brighton, 8S. I., N. Y. 

LEACH, William J., Jr. (1905), 7 Peabody St., Newton, Mass. 

LEE, Ernest Eugene (Associate, 1908), Supt. of Erection, Dept of Constr. 
and Engrg., Isthmian Canal Com., Culebra, C. Z., Panama, C. A. 

LEES, Ernest J. (1907), Pres. Lees-Bradner Co., 6210 Carnegie Ave., and for 
mail, 10,829 Superior Ave., Cleveland, O. 

LEWIS, Joseph E. (Junior, 1899), Treas., Bush Mfg. Co., Hartford, Conn., 
and for mail, 222 N. Carey St., Baltimore, Md. 

LIBBY, Malcolm M. (1902; 1905; 1909), Canadian Fairbanks Co., 28 W. Front 
St., Toronto, Ont., and for mail, Box 235, Edmonton, Alberta, Canada. 

LINDSAY, W. Edward (1895), Cons. Engr., United Cork & Seal Co., Millis, 
and Box 21, Needham, Mass. 

LOWE, Henry Leland (Junior, 1903), 37 Brady St., Detroit, Mich. 

McDEWELL, Horatio 8. (Junior, 1908), Gas Eng. Erecting Engr., Allis-Chal- 
mers Co., Milwaukee, Wis., and for mail, 94 Addington Rd., Brookline, Mass. 
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McGWIRE, Charles H. (1909), 2828 Lafayette St., Denver, Colo. 

MacGREGOR, Walter (1906), 236 8. Oak Park Ave., Oak Park, Ill. 

MacLAUCHLAN, James H. (1907), J. H. MacLauchlan Engrg. Co., 205 W. 
Lombard St., Baltimore, Md. 

MICHEL, Arthur Eugene (1906; Associate, 1908), Adv. Engr., Park Row Bldg. 
21 Park Row, New York, N. Y. 

MILLETT, Kenneth Ballard (Junior, 1908), Fairview St., Willimantic, Conn. 

MIX, Edgar W. (1903), Mgr. European Div., Genl. Motors Export Co., 12 Bivd. 
des Invalides, Paris, France. 

MOLE, Harvey E. (1901), Lenz & Molé, Rm. 1301, 55 Liberty St., New York, 
N. Y. 

MONTEAGLE, Robt. Chas. (1904), Asst. Mgr. and Engr., The Lockwood Mfg. 
Co., East Boston, and for mail, 283 Highland Ave., West Newton, Mass. 

MOORE, Albert B. (1903), Treas. and Genl. Mgr., Shedd Elec. Co., Inc., Ro- 
selle Park, and for mail, 145 Fourth Ave., E. Roselle, N. J. 

MORRISON, Clarke J. (1909), Mgr. Engrg. Dept., Suffern & Son, 165 Broad- 
way, New York, N. Y., and for mail, 191 N. Walnut St., East Orange, N. J. 

MORSE, Arthur Holmes (1911), Mech. Engr. and Asst. Supt., The Baldwin 
Co., and for mail, 2202 Highland Ave., Cincinnati, O. 

MORSE, Chas M. (1884), Ch. Engr., Buffalo Engrg. Co., 5 Beekman St., New 
York, N. Y. 

NEWCOMB, Robert E. (Junior, 1907), Mech. Engr., Deane Steam Pump 
Co., and for mail, 229 Chestnut St., Holyoke, Mass. 

NEWELL, William (Junior, 1907), Mech. Engr., Bureau of Factory Inspc., 
N. Y. State Dept. of Labor, 381 Fourth Ave., and 104 E. 54th St., New York, 
N. Y. 

PARKER, John (1909), Mch. Designer, Brown & Sharpe Mfg. Co., Providence, 
and for mail, 1061 Narragansett Blvd., Edgewood, R. I. 

PHELPS, Charles C. (Junior, 1909), Mgr. Castle Stevens, Stevens Inst. of 
Tech., and for mail, The Castle, Castle Point, Hoboken, N. J. 

POMEROY, L. R. (1890; 1909), Cons. Engr., 246 Berkeley Ave., Orange, N.J. 

RAMSAY, Herbert Hartley (Junior, 1910), Asst. Engr. with John Hays 
Hammond and Harris Hammond, 71 Broadway, and for mail, 15 E. 48th 
St., New York, N. Y. 

RAYMOND, Herbert Emmons (Junior, 1906), Mech. Engr., Missisquoi Pulp 
Co., Sheldon Springs, Vt. 

RIEGE, Rudolph (1911), 26 Gramercy Park, New York, N. Y. 

ROBB, D. W. (1888), Pres., Robb Engrg. Co., Ltd., South Framingham, Mass. 

ROBINSON, Garland P. (1902; 1909), Asst. Ch. Inspr., Interstate Commerce 
Com., First Natl. Bank Bldg., Columbus, O. 

ROGERS, Robert W. (Junior, 1908), Asst. Engr. of Tests, Erie R. R., and 
for mail, 676 Baldwin St., Meadville, Pa. 

ROUX, Paul (Associate, 1890), 9 rue des Bluets, Paris, France. 

RUPP, M. E. (Junior, 1909), Mech. Engr., Stanley G. Flagg & Co., 1421 
Chestnut St., Philadelphia, Pa., and for mail, 303 E. 4th St., New 
York, N. Y. 

SANDO, Will J. (1899), Manager, 1908-1911; Cons. Engr., 67 Waldeck St., 
Dorchester, Mass. 

SCHLESINGER, Georg, (1905), Prof. Engrg., Tech. Hochschule, Charlot- 
tenburg, 2, Berlinerstr. 171, Germany. 
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SCOTT, Clarence N. (1902), Cons. Engr., 1102 Carter Bldg., Houston, Tex. 

SEARLE, Wilbur C. (Junior, 1909), Heald Mch. Co., and for mail, 178 Russell 
St., Worcester, Mass. 

SHOUDY, Wm. Allen (Junior, 1903), Baltimore Copper Smelting & Rolling 
Co., Baltimore, and 19 Murymount Rd., Roland Park, Md. 

SMEAD, William H. (Junior, 1906), Supt. Htg. and Equip. Dept., The Samuel 
Austin & Son Co., 6408 Euclid Ave., Cleveland, O. 

SMITH, Charles P. (Junior, 1888), Lower Pacific Mills, and for mail, 11 Byron 
Ave., Lawrence, Mass. 

SPENCER, Frank C. (Associate, 1908), West. Elec. Co., Hawthorne, and for 
matl, 1724 Washington Blvd., Chicago, IIl. 

STONE, Mason A., Jr., (Junior, 1907), The Griscom Spencer Co., 90 West St. 
New York, and for mail, Clintgn and Prospect Aves., New Brighton, 8. L., 
N.Y. 

STURGIS, Wm. Bayard (Junior, 1909), E. I. du Pont de Nemours Powder Co., 
Wilmington, Del. 

SUMNER, Eliot (1910), King St., Northumberland, Pa. 

SVENSSON, Johan Alfred (1909), Ingle Mch. Co., 371 St. Paul St., and 246 
Park Ave., Rochester, N. Y. 

THOMAS, Jay G. (Junior, 1906), Engrg. Dept., Westinghouse Mch. Co., 
East Pittsburgh, and for mail, 844 Rebecca Ave., Wilkinsburg, Pa. 

THYWMAN, Frederic (1900), Life Member; Ch. Engr., Humphreys & Glasgow, 
36-38 Victoria St., Westminster, London, 8. W., and 31 Campden Hill Court, 
London, W., England. 

TITCOMB, George E. (1908), East Branch Sales Mgr., The McMyler Inter- 
state Co., Rm. 1756, 50 Church St., New York, and 51 Hamilton Ave., 
New Rochelle, N. Y. 

VAN TRUMP, Charles R. (1893; 1898), Life Member; 305 W. 8th St., Wil- 
mington, Del. 

VON PHUL, William (1907), Engr. in Charge, So. Properties, Ford, Bacon & 
Davis, Liverpool, London & Globe Bldg., and for mail, 496 Audubon St., 
New Orleans, La. 

WEEKS, Paul (Junior, 1905), Mech. Engr., 216 Central Bldg., 6th and Main 
Sts., Los Angeles, Cal. 

WHITE, James A. (Junior, 1900), Wks. Mgr., Worcester Pressed Steel Co., 
and for mail, 12 Clearview Ave., Worcester, Mass. 

WILCOX, C. C. (Junior, 1905), Asst. to Cons. Elec. Engr., Hodenpyl, Hardy 
& Co., 1004 Majestic Bldg., and 463 Hamilton Ave., Detroit, Mich. 

WILDER, Stuart (Associate, 1904), Asst. Eng., Westchester Ltg. Co., Mt. 
Vernon, N. Y. 

WILSON, J. Fred (1891), Ret. Mfr., R. F. D., Box 69, Westboro, Mass. 
WILLIAMSON, George E. (Junior, 1906), Ch. Engr., Strathmore Paper Co., 
Mittineague, and for mail, 141 Pineywoods Ave., Springfield, Mass. 
WOLDENBERG, I. (Junior, 1903), Mgr., Ingersoll-Rand Co., m. b. H., 

Oststrasse 128-132, and Sternstrasse 20a, Diisseldorf, Germany. 

YOUNG, Chas D. (1902; 1910), Engr. of Tests, Pa. R. R., Altoona, Pa. 

YOUNG, E. R. (Junior, 1900), 553 Mifflin Ave., Wilkinsburg, Pa. 
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NEW MEMBERS 


ALMQUIST, Karl (1911), Ch. Draftsman, A. 8. Cameron Steam Pump Wks., 
foot E. 23rd St., and for mail, 408 W. 150th St., New York, N. Y. 

McINTOSH, Walter 8S. (Associate, 1911), Asst. Supt., S. A. Woods Mch. Co., 
Boston, and for mail, 29 Westover St., West Roxbury, Mass. 


DEATHS 


BULKLEY, Henry W., November 7, 1911. 
JOHNSON, Henry James, October 8, 1911. 
MORRISON, Hugh Stockdell, August 3d, 1911. 





COMING MEETINGS 
NoveMBER-DECEMBER 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s hands by the 15th of the month preceding the meeting. When the titles of papers read 
at monthly meetings are furnished they will aiso be published. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
December 27-January 3, annual meeting, Washington, D. C. Secy., 
L. O. Howard, Smithsonian Institution. 

AMERICAN CHEMICAL SOCIETY 
December 27-30, annual meeting, Washington, D. C. Secy., C. L. Par- 
sons, Durham, N. H. 

AMERICAN INSTITUTE OF ARCHITECTS 
December 12-14, annual convention, Washington, D. C. Secy., Glenn 
Brgwn, The Octagon. 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
December 20-22, annual meeting, Washington, D.C. Secy., J. C. Olsen, 
Polytechnic Institute, Brooklyn, N. Y. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
December 8, monthly meeting, New York. Acting Secy., F. L. Hutch- 
inson, 29 W. 39th St. 

AMERICAN PUBLIC HEALTH ASSOCIATION 
December 4-9, annual meeting, Havana, Cuba. Secy., W. C. Woodward, 
Washington, D. C. 

AMERICAN SOCIETY FOR MUNICIPAL IMPROVEMENTS 
December 11-13, annual meeting, Waldorf-Astoria, New York. Secy., 
A. P. Folwell, 239 W. 39th St. 

AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 
December 27-29, annual meeting, St. Paul, Minn. Secy., J. B. Davidson, 
Ames, Iowa. 

AMERICAN SOCIETY OF ENGINEERING CONTRACTORS 
January 9, annual meeting, New York. Secy., J. R. Wemlinger, 13 Park 
Row. 

AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
January 23-25, annual meeting, New York. Secy., W. W. Macon, 29 W. 
39th St. 

AMERICAN SOCIETY OF REFRIGERATING ENGINEERS 
December 4, annual meeting, New York. Secy., W. H. Ross, 154 Nassau St. 

ASSOCIATION OF AMERICAN PORTLAND CEMENT MANUFAC- 

TURERS 
December 11-13, annual meeting, New York. Secy., P.H. Wilson, Land 
Title Bldg., Philadelphia, Pa. 
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ENGINEERS CLUB OF ST. LOUIS 
December 6, annual business meeting, 3817 Olive St., St. Louis, Mo. 
Secy., W. W. Herner. 

NATIONAL ASSOCIATION OF BRASS MANUFACTURERS 
December 13-14, annual meeting, New York. Secy., W. M. Webster, 
64 W. Randolph St., Chicago, Ill. 

NATIONAL GAS AND GASOLINE ENGINE TRADES ASSOCIATION 
December 5-8, annual meeting, Hotel Hollenden, Cleveland, O. Secy., 
A. Stritmatter, 224 E. 7th Ave., Cincinnati. 

NATIONAL IRRIGATION CONGRESS 
December 5-9, Chicago, Ill. Secy., Arthut Hooker, 830 Commercial 
National Bank Bldg., Chicago, IIl. 

NEW ENGLAND WATER WORKS ASSOCIATION — 
January 10, annual meeting, Hotel Brunswick, Boston, Mass. Secy., 
Williard Kent, Narragansett Pier, R. I. 

WOOD PRESERVERS’ ASSOCIATION 
January 16-18, annual meeting, Chicago, Ill. Secy., F. J. Angier, Mount 
Royal Station, Baltimore, Md. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
December 

5-8 American Society of Mechanical Engineers.C. W. Rice 

7 Blue Room Engineering Society.............W. D. Sprague... . .8.1! 


8 American Institute of Electrical Engineers..F. L. Hutchinson 
(Acting Secy.)....8. 
14 Illuminating Engineering Society P. S. Millar........8. 
15 New York Railroad Club...................H. D. Vought... ...8. 
19 New York Telephone Society T. H. Lawrence... .8. 
27 Municipal Engineers of New York C. D. Pollock... ...8. 
January . 
4 Blue Room Engineering Society.............W. D. Sprague..... : 
9 American Society of Mechanical Engineers..C. W. Rice.........8. 
11 Illuminating Engineering Society P. S. Millar........8. 
12 American Institute of Electrical Engineers. F. L. Hutchinson 
(Acting Secy.)....8. 
16 New York Telephone Society T. H. Lawrence... .8. 
19 New York Railroad Club H. D. Vought... ...8. 
23-25 American Society of Heating and Venti- 
lating Engineers 
24 Municipal Engineers of New York 





OFFICERS AND COUNCIL 


Terms expire 1911 
CHARLES WHITING BAKER 
W. F. M. GOSS 
ALEX. C. HUMPHREYS 


Terms expire 1911 
H. L. GANTT 
I. E. MOULTROP 
W. J. SANDO 


FRED. W. TAYLOR 
F. R. HUTTON 


Chairman of the Finance 
ROBERT M. DIXON 


Treasurer 
WILLIAM H. WILEY 


President 
E. D. MEIER 


Vice-Presidents 


Managers 
Terms expire 1912 
H. G. STOTT 


JAMES HARTNESS 


H. G. REIST 
Past-Presidents 


Members of the Council for 1911 


Terms expire 1912 
GEORGE M. BRILL 
E. M. HERR 

H. H. VAUGHAN 


Terms expire 1913 

D. F. CRAWFORD 
STANLEY G. FLAGG, JR. 
E. B. KATTE 


M. L. HOLMAN 
JESSE M. SMITH 


GEORGE WESTINGHOUSE 


Committee 


Honorary Secretary 
F. R. HUTTON 


Secretary 
CALVIN W. RICE 


EXECUTIVE COMMITTEE OF THE COUNCIL 


E. D. MEIER, Chmn. 
C. W. BAKER, Vice-Chmn. 


H. L. GANTT 
F. R. HUTTON 


H. G. REIST 
JESSE M. SMITH 


STANDING COMMITTEES 


Membership 
F. H. STILLMAN (1), Chmn. 
G. J. FORAN (2) 
H. WEBSTER (3) 
T. STEBBINS (4) 
W. H. BOEHM (5) 


Finance 

R. M. DIXON (2), Chmn. 
G. J. ROBERTS (1) 

W. H. MARSHALL, (3) 
H. L. DOHERTY (4) 

W. L. SAUNDERS (5) 


Research 
W. F. M. GOSS (3), Chmn. 
R. H. RICE (1) 
R. D. MERSHON (2) 
R. C. CARPENTER (5) 


House 
F. BLOSSOM (2), Chmn. 
B. V. SWENSON (1) 
E. VAN WINKLE (3) 
H. 
s. 


Publication 
. J. PORTER (1), Chmn. 
LOW (2) 


Meetings 
L. R. POMEROY (1), 
C. E. LUCKE (2) 
H. Dz B. PARSONS (3) 
W. E. HALL (4) 
C.J. H. WOODBURY (5) 


Public Relations 
J. M. DODGE (5), Chmn. 
R. W. HUNT (1) 
D. C. JACKSON (2) 


F Chmn. 
R 

R. COBLEIGH (4) 
D. COLLETT (5) 


H. 
F. 

G. 
G. 
Cc. 


I. 
M. BASFORD (4) 
I. EARLL (5) 


Library 
L. WALDO (1), Chmn. 
W. M. McFARLAND (2) 
C. L. CLARKE (3) 


A. NOBLE (4) J. W. LIEB, JR. (3) 
E. G. SPILSBURY (5) F. J. MILLER (4) 


Note—Numbers in parentheses indicate number of years the member has yet to serve. 
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SOCIETY REPRESENTATIVES 


Trustees U. E. S. a. £.. 4. S. 


F. J. MILLER (1) A.C. HUMPHREYS 

JESSE M. SMITH (2) H. G. REIST 

A. C. HUMPHREYS (3) I. A. for T. M. 
CHARLES KIRCHHOFF 


John Fritz Medal 
F. R. HUTTON (1) 
W. F. M. GOSS (2) 
H. R. TOWNE (3) 

J. A. BASHEAR (4) 


Conservation Commisson 
G. F. SWAIN 

Cc. T. MAIN 

J.R. FREEMAN 


Fire Protection 


J.R. FREEMAN 
I. H. WOOLSON 


Engineering Education 


A.C. HUMPHREYS 
F. W. TAYLOR 


SPECIAL COMMITTEES 


Flanges 
G. H. STOTT, Chmn. 
A. C. ASHTON 
W. SCHWANHAUSSER 
J. P. SPARROW 
W. M. McFARLAND 


Constitution and By-Laws 


J. M. SMITH, Temp. Chmn. 
G. M. BASFORD 

F. R. HUTTON 

D. 8. JACOBUS 

H. G. STOTT 


Involute Gears 


W. LEWIS, Chmn. 
H. BILGRIM 

E. R. FELLOWS 
Cc. R. GABRIEL 
G. LANZA 


Refrigeration 


D. 8. JACOBUS 

A. P. TRAUTWEIN 
G. T. VOORHEES 
P. De C. BALL 

E. F. MILLER 


Society History 
J. E. SWEET 
H. H. SUPLEE 
F. R. HUTTON 


Tellers of Election 
W. T. DONNELLY 
G. A. ORROK 
T. STEBBINS 


Power Tesis 


D. 8. JACOBUS, Chmn. 
E. T. ADAMS 

G. H. BARRUS 

L. P. BRECKENRIDGE 
W. KENT 

Cc. E. LUCKE 

E. F. MILLER 

A. WEST 

A.C. WOOD 


Nominating 


R. C. CARPENTER 
New York, Chmn. 

R. H. FERNALD 
Cleveland, O. 

E. G. SPILSBURY 
New York 

A. M. HUNT 
San Francisco, Cal. 

C.J. H. WOODBURY 
Boston, Mass. 


Conservation 


G. F. SWAIN, Chmn. 
Cc. W. BAKER 

L. D. BURLINGAME 
M. L. HOLMAN 
CALVIN W. RICE 


Engineering Standards 


HENRY HESS, Chmn. 

H. W. SPANGLER 

CHAS. DAY 

J. H. BARR Committee to Formulae 
Standard Specifica- 

Student Branches 


F.R. HUTTON, Chmn. 


Sub-Committee on Steam 
of Research Commmittee 


Standardization of 
Catalogues 

WM. KENT, Chmn. 

M. L. COOKE 

Ww. B. SNOW 


tions for the Construc- 
tion of Steam Boilers 
and other Pressure Ves- 
sels and for Care of 
Same in Service 


J. R. BIBBINS 


Pipe Threads 
E. M. HERR, Chmn. 
W. J. BALDWIN 
G. M. BOND 
8. G. FLAGG, JR. 


J. A. STEVENS, Chmn. 
E. F. MILLER 

Cc. L. HUSTON 

C. H. MEINHOLTZ 

R. C. CARPENTER 

W. H. BOEHM 

R. HAMMOND 


R. H. RICE, Chmn. 
J.F.M. PATITZ 
C.J. BACON 

E. J. BERG 

W. D. ENNIS 
L.S. MARKS 


Notre—Numbers in parentheses indicate number of years the member has yet to serve. 








SPECIAL COMMITTEES 
(Continued) 


Administration 


J. M. DODGE, Chmn. W. LEWIS H. R. TOWNE 
D. M. BATES W. L. LYALL H. H. VAUGHAN 
H. A. EVANS W. B. TARDY 


MEETINGS OF THE SOCIETY 


The Committee on Meetings 
. R. POMEROY (1), Chmn. H. Dz B. PARSONS (3) 
. E. LUCKE (2) W. E. HALL (4) 
C.J. H. WOODBURY (5) 


L 
Cc 


Meetings of the Society in Boston 
I. N. HOLLIS, Chmn,,. 
I. E. MOULTROP, Secy. 

R. H. RICE 
Meetings of the Society in New York 
W. RAUTENSTRAUCH, Chmn F. H. COLVIN 
F. A. WALDRON. Secy. E. VAN WINKLE 
R. V. WRIGHT 


Meetings of the Society in St. Louis 
E. L. OHQE, Chmn. M. L. HOLMAN 
F. E. BAUSCH, Secy. R. H. TAIT 
J. HUNTER 


Meetings of the Society in San Francisco 
M. HUNT, Chmn. T. MORRIN 
. W. RANSOM, Secy. W. F. DURAND 
E. C. JONES 


Meetings of the Society in Philadelphia 
T. C. McBRIDE, Chmn. A. C. JACKSON 
- YARNALL, Secy. J. E. GIBSON 
J.C. PARKER 


Meetings of the Society in New Haven 
E. 8S. COOLEY, Chmn. L. P. BRECKENRIDGE 
E. H. LOCKWOOD, Secy. F. L. BIGELOW 
H. B. SARGENT 


Sus-CoMMITTEES ON 
Textiles 


CHARLES T. PLUNKETT, Chmn., Adams, Mass. 
DANIEL M. BATES, Wilmington, Del. FRANKLIN W. HOBBS, Boston, Mass. 
JOHN ECCLES, Taftville, Conn. C. R. MAKEPEACE, Providence, R. I. 
EDW. W. FRANCE, Philadelphia, Pa. C. H. MANNING, Manchester, N. H. 
EDWARD F. GREENE, Boston, Mass. HENRY F. MANSFIELD, Utica, N. Y. 
EDWARD W. THOMAS, Secy, Lowell, Mass. 


Note—Numbers in parentheses indicate the number of years the member has yet to serve. 
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MEETINGS OF THE SOCIETY 
(Continued) 


Cement 
. R..DUNN, Chmn. L. L. GRIFFITHS EJNAR POSSELT 
. KELLEY, Secy, E. M. HAGAR H. J. SEAMAN 
. BERGQUIST LEIGH HUNT A. C. TAGGE 
- COWHAM MORRIS KIND H. STRUCKMANN 
- FULLER, Jr. F. H. LEWIS P. H. WILSON 
R. K. MEADE 


Machine Shop Practice 
. ROGERS, Chmn. A. L.DsLEEUW H. D. GORDON 
. BURLINGAME F. L. EBERHARDT H. K. HATHAWAY 
. CLARK F. A. ERRINGTON E. J. KEARNEY 
. DIEFENDORF A. A. FULLER Wu. LODGE 
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Providence Association of Mechanical Engineers 
. PHETTEPLACE, Pres. W. H. PAINE, Vice-Pres. 
. BROOKS, Secy. A. H. WHATLEY, Treas. 
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Chairman 
R. H. FERNALD 


Gas Power 
Executive Committee 


F. H. STILLMAN (5). Chmn. 
G. I. ROCKWOOD (1) 

C. J. DAVIDSON (1) 

E. D. DREYFUS (1) 

F. R. HUTTON (32) 

H. H. SUPLEE (3) 

F. R. LOW (4) 


‘Gas Power 
Committee on Meetings 


WM. T. MAGRUDER, Chmn. 


W. H. BALUVELT 

E. D. DREYFUS 

A. H. GOLDINGHAM 
NISBET LATTA 

H. B. MACFARLAND 


OFFICERS OF THE GAS POWER SECTION 


Gas Power 
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R. B. BLOEMEKE, Chmn. 
H. 8. ISHAM 
W. F. MONAGHAN 

W. H. GRIEPE 
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H. G. WOLFE 
N.J. 

8. 0. SANDELL 


8. I. OESTERREICHER 
J. MAIBAUM 


Gas Power 
Installations Committee 


L.B. LENT, Chmn. 
A. BEMENT 
C. B. REARICK 


Secretary 
GEO. A. ORROK 


Gas Power Plant 
Operations Committee 


I. E. MOULTROP, Chmn. 


TWINING 
WHITING 


Gas Power — 
Membership Committee 
H. R. COBLEIGH, Chmn. 
H. V. 0. COES 
A. E. JOHNSON 
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OFFICERS OF STUDENT BRANCHES 












— HONORARY CORRESPONDING 
INSTITUTION AUTHORIZED PRESIDENT 
CHAIRMAN SECRETARY 
BY COUNCIL 

Stevens Inst.-of Tech. Dec. 4,1908 Alex.C. Humphreys A. E. Bauhap A. D. Karr 
Cornell University Dec. 4.1908 R.C. Carpenter F. E. Yoakem D. 8. Wegg, Jr. 
Armour Inst. of Tech.| Mar. 9, 1909 G. F. Gebhardt A. J. Beerbaum | P. L. Keachie 
LelandStanfordJr.Untv.| Mar. 9, 1909 | W. F. Durand C. H. Shattuck | C. W. Scholefield 
Brooklyn Poly. Inst. | Mar. 9,1909  W. D. Ennis A. L. Palmer | R. C. Ennis 
Purdue University | Mar. 9,1909 L. V. Ludy L. Jones | H. E. Sproull 
University of Kansas | Mar. 9,1909 P. F. Walker V. H. Hilford | L. L. Browne 
New York University | Nov. 9, 1909 | C. E. Houghton Harry Anderson | An drew Hamilton 
Univ. of Illinois | Nov. 9,1909  W. F. M. Goss F. J. Schlink | E. J. Hasselquist 
Penna. State College | Nov.9,1909 J. P. Jackson J. A. Kinney | H. 8. Rodgers 
Columbia University | Nov.9,1909 Chas. E. Lucke N.E. Hendrickson) W. E. Ruprecht 
Mass. Inst. of Tech. | Nov.9,1909 Gaetano Lanza J. A. Noyes | R. M. Ferry 
Univ. of Cincinnati Nov. 9, 1909 J.T. Faig C. J. Malone J. H. Schneider 
Univ. of Wisconsin | Nov.9,1909 H.J.B. Thorkelson F. B. Sheriff L. F. Garlock 
Univ. of Missouri | Dec. 7,1909 H. Wade Hibbard G. D. Mitchell | P. A. Tanner 
Univ. of Nebraska | Dec.7,1909 C.R. Richards W. O. Forman C. A. Bennett 
Univ. of Maine | Feb.8,1910 Arthur C. Jewett A. H. Blaisdell W. B. Emerson 
Univ. of Arkansas | Apr. 12,1910 B. N. Wilson W. Q. Williams H. W. Barton 
Yale University | Oct. 11,1910 L.P. Breckenridge § F. M. Jones W. St. C. Childs 
Rensselaer Poly. Inst. | Dec.9,1910 A.M. Greene, Jr. G. K. Palsgrove H. J. Parthestus 
State Univ. of Ky. Jan. 10,1911 F. P. Anderson J. W. Cary J. T. Lowe 
Ohio State University | Jan. 10,1911 E, A. Hitchcock H. T. Lang W. J. Assel 
Washington University Mar. 10, 1911 F. E. Glasgow 


Lehigh University 


June 2, 1911 
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THE WARNER & SWASEY COMPANY 


CLEVELAND, OHIO 
Brance Orrices: NEW YORK, CHICAGO, DETROIT 


TURRE™ LATHES TURRET SCREW MACHINES BRASS-WORKING MACHINE TOOLS 


UNIVERSAL HOLLOW-HEXAGON 
TURRET LATHES—Now Made in Two Sizes 


Entirely new in design these 
machines embody all of the 
desirable features of a highly 
developed Turret Lathe with 
those of the most advanced 
engine lathe —every modern 
facility provided for the most 
rapid, accurate and economical 
production of both bar and 
chucking work. 

No. 2A—Bar work 2} x 26’; castings 
and forgings 12” 
No. 3A—Bar work 3} x 36”; castings 
and forgings 15” No. 2A—With Chucking Equipment 











“The Planers of Woods” 


High Speed Planers Matchers and Moulders 


WITH LABOR SAVING DEVICES WHICH PROVIDE 
FOR A MAXIMUM OUTPUT AT A MINIMUM EXPENSE 


Ss. A. WOODS MACHINE CO. 


THE PLANER SPECIALISTS 


BOSTON U.S.A. 


CHICAGO NORFOLE 
NEW ORLEANS SEATTLE 





























This Book is for the Company 


SOOF VT 
8); } 48) 
Bui NG 78) 
j {At HIN! 


wet ATH! 
\ TUR REN LA 
FLAT Ih 


“Machine Building for Profit” is sent free on request to the 
Owner, Proprietor, Manager, Superintendent or Foreman of 
a Machine shop in which Lathes are used for turning out 


chucking work under 14” diameter and bar work under 3” in 
diameter and less than 36” long. 





Springfield, Vt. 


cea Jones & Lamson §! 


Germany, Holland, Belgium, Switzerland, Austria-Hungary, 
M. Koyemanr, Charlottenstrasse, 112 Disseldorf, Germany. 











This Book is for the Operator 


The Flat Turret Lathe Manual is sent to the Company 
or any officer of it, but is more especially intended for the 
use of the man who runs the machine. 

It is furnished free of charge to any Operator who is run- 
ning one of our Flat Turret Lathes. 


M h > Queen Victoria St. 
nl acnine Compan V London, E. C. 
France and Spain, Ph. Bonvillain and E. Ronceray, 9 and 11 
Rue des Envierges, Paris. Italy, Adler & Eisenschitz, Milan 

















“CROWN” 
SAND RAMMERS 


FLOOR AND BENCH TYPES 


More castings and better castings, 
at less cost—this is the ideal of 
every foundry man. 


As a first step toward this ideal, 
install a ““Crown”’ Sand Rammer. 
It will please you by its work and 
its staying power—and you will 
add others as you learn more of 
its possibilities. 


You cannot expect high-class work 
unless you have high-class tools 
to work with. 


COMF RESSORS AIR HOISTS AIR TOOLS 


INGERSOLL-RAND CO. 
NEW YORK LONDON 


Offices in All Principal Cities of the World 
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Union Drawn Steel Co. 
of Beaver Falls, Pa. 


Makers of Bright Cold Finished Bessemer, Open Hearth 
Crucible and Alloy Steels, in Rounds, Flats, Squares, Hexa- 
gons and Special Shapes; straight, accurate to section, with 
polished superior wearing surface; for Shafting, Duplicate 
Shafts for machine construction, piston and pump rods, keys, 
feathers, slides, and guides; Special simple and alloyed steels, 
cold finished, for all special requirements, particularly adapted 
for rapid machining in screw machines, hand or automatic. 


BRANCH OFFICES AND WAREHOUSES 


Atlanta Boston Buffalo Chicago 
Cincinnati New York Philadelphia 











MEAD ~MORRISON 
MANUFACTURING COMPANY 


THE McCASLIN CONVEYOR 


oie above illustration is of one of the four McCaslin Conveyors in 
the plant of the Riverside Portland Cement Company, Riverside, 

Cal. It shows Conveyor Number 3 in tunnel under discharge end 
of the rotary kilns. The hot clinker is discharged from the kilns into the 
pits, from which it is delivered to the conveyor through the spouts shown 
in the picture. 


WORKS AND GENERAL OFFICES 


Cambridge, Mass. 


New York - 149 Broadway Pittsburg - 108 Parkway, N.S. 

Chicago - Monadnock Block San Francisco - Metropolis Bank Bldg. 

Baltimore - 821 Equitable Building New Orleans - 110 North Peters St. 
Montreal - 286 St. James St. 




























































THE RICHARDSON 
AUTOMATIC COAL SCALES 


Are unsurpassed in point of reliability and efficiency 


Are you paying for your 
coal on bill of lading or 
dealers’ weights? 


If so, the chances are you 
are paying too much. 


Why not install a 
MECHANICAL 
DETECTIVE 


and 


Satisfy Yourself 


that you are receiving all the coal paid for. It is an 


item that cannot be overlooked when considering costs 
or close control. 


RICHARDSON AUTOMATIC 
ELECTRIC COAL SCALES 


Will tell you exactly the amount of coal fed 
to the boilers, and detect any wastage on 
part of firemen or inefficiency of boilers. 


Cannot be stopped by wet or lumpy 
coal or any foreign matter 


Absolutely Dependable - Satisfaction Guaranteed 
Many Successful Installations 


AUTOMATIC SCALES FOR BELT OR BUCKET CONVEYORS 
ALSO FOR WEIGHING WATER TO BOILERS 


RICHARDSON SCALE 


13 PARK ROW, NEW YORK 
79 W. MONROE ST., CHICAGO 





CO. 


OLIVER BLDG., BOSTON,’ MASS. 





































Westinghouse 


| 
| 
| 


_ Steam Turbines for Small Powers 


100 kw. Westinghouse Turbo-Generator Set—A.C. with direct connected exciter 


HE same excellence of design and ruggedness of 

construction, which have made our larger turbines 
so eminently successful during the past sixteen years, 
are incorporated in these turbines of smaller size. 


They are now being most satisfactorily used for 
driving Centrifugal Pumps for condenser service, boiler 
feeding, irrigation and dredging; for driving Centrifugal 
Blowers or Exhausters for ventilation, blast for furnace, 
compressor service—air or gas, etc., and for driving 
A.C. and D.C. Generators for various purposes. 


In short, well—you can’t do better than a Westing- 
house Steam Turbine. 


Write nearest office for full particulars 


The Westinghouse Machine Co. 


sae som, - oe ed Chicago, 39 So. La Salle Street 
ton, 131 State Street Cinci ti, 11 
Atlanta, Candler Building Pidiendede woh oe Building 
St. Louis, Chemical Building elphia, Nort merican Building 
Pittsburgh, Westinghouse Building Denver, 1062 Gas & Electric Building 
Cleveland, New England Building San Francisco, Hunt, Mirk & Co. 

Mexico: Compania Ingeniera, Importadora y Contratista, S. A. 

(Successors to G. & O. Braniff & Company), City of Mexico 


























The Best is None Too Good 








an extract from the report of D. A Morris, 
Metallurgist, read at a meeting of the Sales 
Representatives of the Nelson Valve Com- 
Philadeiphia 


pany 


A Professor of Mechanical Engi- 
neering in one of our leading univer- 
sities once said in the course of his 
lectures, ‘‘What is good enough is best.”’ 
It. made a great hit and was quoted 
continually about the campus. It 
sounds all right; it certainly looks as 
if things which are good enough must 
be the best, taking all things into 
consideration. 

Since coming to this plant, how- 
ever, I have had occasion to think 
over this phrase many times. When 
I first dame here I had little to do and 
I saw many things which set me to 
thinking. Only the best materials 
were being used for our Bronze and 
Iron mixtures; Lake Copper instead 
of the cheaper brands; Straits Tin, 
which is the best that can be procured, 
and the best brands of Refined Spel- 
ter and Lead. In the Iron Foundry, 
2X Iron and Selected Machinery Scrap 
were used, while nothing but the best 
coke, namely: 72-hour Connellsville, 
was used in the cupola. Only the best 
castings passed from the foundry to 
the Machine Shop. Very often the 
defect was so slight that it could be 
detected only by the closest inspec- 
tion. In the Machine Shop again 


castings were scrapped because of 
some slight flaw showing up in the 
machining and finally, when these 
thoroughly inspected valves were put 
under the hydraulic test, others were 
thrown out, if the slightest sweat 
developed. 

The thought came to me that if 
“‘What is good enough is best,’’ why 
could not cheaper materials be used 
in our Bronze and Iron mixtures? 
Other valve concerns used them and 
their valves were being sold. Sec- 
ondly, would not some of those valves 
thrown out in the Iron Foundry and 
in the Machine Shop stand the test 
just as well as those which had passed 
inspection; and finally, would not 
many of the valves which developed 
only the slightest sweats under these 
severe hydraulic tests answer all prac- 
tical purposes. They might have; 
but I soon found that Mr. Mason’s 
policy, and therefore the policy of 
this Company, was not “‘What is good 
enough is best’’ but ‘“The best is none 
too good.’”’ Theoretically, ‘‘What is 
oa enough is best” is all right, but 

ow is one to determine what is good 
enough? Our way is to use the best 
and be on the safe side. 


The Nelson Valve Company’s Laboratories 

















To Users of Taps and Dies 





This Trade \/ Mark Means 


an absolute guarantee of first QUALITY 


40 years on the market makes our Machine Screw Taps 
the pioneers in their class. They have no superiors, and 
are fully guaranteed 


Taps and Dies furnished to A. S. M. E. Standard at regular prices 


J. M. Carpenter Tap & Die Co., Pawtucket, R. I. 








High-Speed Steam-Hydraulic Forging Presses 


double your production with one-half 
your labor cost and steam consumption 


COST OF REPAIRS REDUCED 


Eliminates Heavy Shocks and 
Vibration 


SINGLE LEVER CONTROL 


SMALL SIZES—Single Frame Type 
LARGE SIZES—Four Column Type 


BUILT FOR ALL GLASSES OF 
FORGING, SHEARING OR PRESSING 





MANUFACTURED UNDER DAVY BROS., LTD., PATENTS 100 Tons to 12,000 Tons Capacity 
UNITED ENGINEERING & FOUNDRY CO. 


2300 FARMERS’ BANK BUILDING PITTSBURG, PA. 
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NOYES vorrei SQUARE 





The Keynote in the modern 
draughting room is “Speed with 
Accuracy.” These two essentials 
are readily obtained by using The 
Noyes Vertical or Horizontal T- 
Square. By accurate records of 
work done by ordinary T-Square 
and triangle, it was shown that 
the “Noyes” completed the same 
drawing with a saving of over } 
the time; this was accomplished by 
the draftsman while sitting or 
standing in a normal healthful 
position. Another strong point is, 
that a full-sized drawing of an 
Engine or piece of Machinery can 
be made with as much ease, as one 
made on a 24 x 36-inch ’ board. 
There is practically no limit to the 
size of drawing it is possible to 
on. Let us send you circular describing this necessary adjunct to the modern 

og room showing how speed, accuracy and health aie obtained by using 
e “Noyes Vertical or Horizontal T-Square.” 































LEMHERT MFG. CO. WAYNESBORO, PA. 











LUE PRINTS are often desired on 
short notice for some special reason. 
The engineer depending upon sun print 
frames is courting disappointments.} 
With the BUCKEYE ELECTRIC 
BLUE PRINTING MACHINE, perfect 
prints can be made at all times, day or 
night, without delay or trouble and at 
less expense than by any other method. 
This is owing to the simplicity of de- 
sign, plus thoroughness of construction 
which make it fool proof and durable. 


Write an Catalog “The Sun That Never Sets” 


BUCKEYE ENGINE CO. 


SALEM, OHIO 
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|Nash ¢ Gas Engines 


Operating on Producer 
Gas furnish the most Eco- 
nomical power obtainable. 

Preferred forall reliable 
power requirements. Ex- 
ceedingly close regulation 
combined with great econ- 
omy. 

Operate on Gas, Gaso- 
line, Producer Gas, etc. 

Sizes 6 to 425 H.P. 


Send for Catalogue 
Makers of the world famous Water Meters Crown, Empire, Nash, Gem, Premier 
NATIONAL METER COMPANY 


Esblibed 84 CHAMBERS STREET, NEW YORK *4=G,Kelte. 


Chicago Boston Pittsburg San Francisco Cincinnati Los Angeles 














IMMUNE TO the evils of EXPANSION 


= PROVED Ge 


= = 
f= SUPERIOR COMPARATIVE MERITS = 
{  ] = 


FOR 
oe BOILER BLOW-OFF,ETC, (I 


BECAUSE IT 


Its 


meets requirements perfectly 

without repairs or complaint 
SPECIFIEDBANDAUSED BYitvovean"rowen ptanrs 

JOHN SIMMONS CO... tio centreys., New York, N.Y. 
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ECONOMY IS WEALTH 


TEAM means coal; coal costs money; if you would 

save both and secure the maximum of power at a 
minimum cost, purchase and install one of our latest 
High Speed Corliss engines equipped with the “Franklin” 
(patent) Horizontal Gravity Latch-releasing valve gear. 
Highest attainable economy and close regulation guaran- 
teed. Rotative speed 150 to 200 revolutions per minute. 
Direct connected or belted types, either simple or com- 
pound. 


Send for descriptive catalogue 


HEWES & PHILLIPS IRON WORKS 
NEWARK, NN. J. 














Ridgway — 
Engines 


are a permanent and 
paying investment. 





You soon forget 
what you paid for 
your engines when they give good service. 
But when they cause trouble, you can not 
forget what they are costing you. 


Ridgway Engines and Generators are built and sold on 
a basis of quality; of profit earning capacity; of permanent 
satisfaction to the user. 


RIDGWAY DYNAMO AND ENGINE CO. 
RIDGWAY, PENNA. 














LUNKENHEIMER 
“RENEWO” VALVES 


ARE POSITIVELY THE MOST 
DURABLE AND PRACTICAL MADE 


The seating surfaces can be re-ground and all 
parts subjected to wear can be renewed, includ- 
ing the disc and seat. The seat is self-cleansing 
and is made of a hard close-grained nickel. 
the bronze used in the body and other trim- 
mings contains a high percentage of copper 
and tin. The improved construction of the disc 
preserves the seating faces and prevents water 
hammer. 

Lunkenheimer ‘“‘Renewo’’ Globe, Angle and Cross Valves are made in two 
patterns—medium and extra heavy—guaranteed for working pressures up to 
200 and 300 pounds per square inch respectively. They are furnished in sizes 
ranging from } to 3 inches inclusive. 

MOST supply houses sell them ~yours CAN—if they DONT tor WONT—tell US. 


THE LUNKENHEIMER CO. 


64-65 LARGEST MANUFACTURERS OF HIGH GRADE 
pS N. © ha ly ENGINEERING SPECIALTIES IN THE WORLD 
NEW ORLEANS. T _ Newcomb Bidg. General Offices and Works 
LONDON, 8. E., 35 Great Dover St. CINCINNATI, OHIO, U.S. A. 








The first step 


toward obtaining the highest power 
plant efficiency is the selection of individual machines 
best adapted to the specific conditions of service. The 
next is to insure that all parts of the plant are so 
designed, constructed and installed that they will oper- 
ate in absolute harmony. 

This cannot readily be secured when there are differences in 
methods of manufacture and a conflict of judgment or experience 
between the designers of the several parts. 

Allis-Chalmers installations yield the maximum output that 
can be obtained under the existing commercial conditions at the 


minimum expense per kilowatt hourfor operation and maintenance. 

Select the type of prime mover best suited to your requirements,— 
Steam Turbine, Gas Engine, Hydraulic Turbine or Steam Engine—all 
are built by Allis-Chalmers Company, together with complete electrical 
equipments. 


Allis-Chalmers Company 
General Offices - Milwaukee, Wis. 


Offices in all principal cities 
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The Improved 


Murphy Automatic Furnace 


We have built this furnace for over thirty years, improving 
it wherever possible and sparing no effort nor expense to 
make it as nearly perfect as can be produced 


The largest plant in the world devoted exclusively to the manufacture 


of Automatic Furnaces. 


We will be pleased to send full details and description on application. 


MURPHY IRON WORKS, Detroit, Mich. 


FOUNDED 1878 


INCORPORATED 1904 











U. S. AUTOMATIC INJECTORS 


mean exactly what we claim for 
them—100 per cent. efficiency 
upon any steam boiler. And 
“100 per cent. efficiency,” 
means that no steam is wasted— 
all the heat employed in the 
operation of forcing water into 
the boiler is saved by being 
returned to the boiler from 
which it issued. They’re the 
best and most economical injec- 
tor on the market today, bar 
none. 

Every mechanical engineer should 
have our Catalog ‘‘L’’ and the 
**Engineer’s Red Book,’’ both brim- 
ful of useful information. 

Just write your name on a slip of 


paper and say ‘‘Catalog L and Red 
Book’’ and mail to us today. 


AMERICAN INJECTOR COMPANY 
DETROIT 184 Fourteenth Ave. MICHIGAN 
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BALL CORLISS ENGINE 
With Non-Detaching Valve Gear 


It was the arop cut-off gear which made the Corliss Engine successful and economical for slow speeds. 

The feature which distinguishes our High and Medium Speed Engines and makes them superior to 
all other four-valve engines is our patented non-detaching valve gear. 

This gear by positive action gives the valves the same movement that the drop cut-off of the slow 
speed Corliss produces by picking up and dropping them. 

The valve gear opens and closes the valves at the proper time, and holds the valves absolutely still 
during over half a revolution. 

The valves are given the movement necessary for the greatest durability and tightness, and the best 
form of valve is made possible. 

This engine marks the extreme limit of excellence so far reached in economy and quiet running. 


BALL ENGINE CO., Erie, Penn. 











EwProcess NoISELESS PINIONS 
REDUCE VIBRATION 


_ Where reciprocating movement of parts, 
intermittent action of a cutting tool, pulsations, 
etc., cause sudden load variations and set up 
vibration at the contacts of metal to metal 
gearing, the accuracy of finely fitted parts and 
the rigid nicety of the whole machine are 
bound to be destroyed. 

Substitute New Process Noiseless Pinions 
for the ringing, racking metal pinions and you 
will have conquered the hammering vibration 
and the noise. You will have the same positive 
and powerful transmission, pinions that last 
every bit as long as would the metal pinions, 
and you will have far less danger of damage 
from breakage of the gear teeth. 

Write for booklet. 


New Process is to all other Rawhide 
as Steel is to Iron. 


The NEW PROCESS, py RAW HiDe Co. 
OFFICE & WORKS CG; SYRACUSE, N.Y. 


oo 
REGISTERED 
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Handling Coal and 
Ashes with least 














trouble and expense 


Jeffrey Coal and Ashes Handling Equipment at 
Sioux City,’(Iowa) ServiceCo. Pivoted Bucket 
Conveyer handles Coal from receiving hopper 
to bins. Ashes are handled by same Conveyer, 
eliminating all hand labor. 


Jeffrey Mfg. Co. 


Columbus, Ohio 


We design and build Coal and Ashes Handling 
Equipments to suit all practical requirements. 






































Send for Calalog No. 82, des- 
cribing many of our installations [ 






































The Strength of a Conveyor 
Belt is in the Duck 


This is on the inside where you can’t see it. You must depend “uponfthe relia- 
bility of the concecn supplying the belt and upon the accuracy of the recommenda- 
tion due to engineering experience in similar installations. 

The tensile strength of the belt depends upon the strength of the warp or length- 
wise threads in the duck. To be the maximum it must be made of high grade, long 
staple cotton. 

To have the necessary life-giving qualities it must be put together with proper 
friction. 

Lastly, it must be thoroughly protected by a proper rubber cover from wear 
and moisture. 


Goodrich Conveyor Belts 


Are made in the largest rubber factory in the world. 
A factory which has developed entirely through the quality of its products. 
We do not make conveyor systems but only conveyor belts. 
Concentrating upon their manufacture the results of long experience and intimate knowledge of 
conveyor practice. 
ot on a first cost basis— 
But upon a basis of lowest cost per toa ofjore carried, Goodrich Conveyor belts are sald. 


Write for Catalogue, samples or any particulars you may wish 


THE B. F. GOODRICH COMPANY 
Akron, Ohio, U.S. A. 
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The plain truth 
about wire rope 


There are just two ways in the wide world to cheapen wire rope; 
oh ce Rush the rope through—kinks, twists, imperfections and 





ee ra 





(2) Substitute cheap material. 
beth e Ay eS who insists on low prices forces the maker to one or 


beret is all + moa is to the cheapening penny a-l-l. 

Therefore the buyer of cheap ropes buys a liability to much 
trouble—much expense. 

On the other hand, “YELLOW STRAND” ROPE stands first, 
last, always, for HON ESTY, SAFETY, DURABILITY 

And in the end it is vastly the CHEAPEST in the true sense of 
REAL ECONOMY. 

If you don’t want chea , stipulate “YELLOW STRAND.’ 
And demand that “YELLOW STRAND” appear on the invoice. 


Ask for Cataiogue No. 2. 


BRODERICK & BASCOM ROPE CO. 
ST. LOUIS, MO. 


Works: BRANCHES: 
St. Louis, Mo. 76 Warren St., New York 
Seattle, Wash. Seatt!e, Wash., San Francisco 

















No. 
430 


544 
1090 
1190 
1191 
1192 
1193 
1194 
1195 
1234 
1235 


Conveyors 


Papers read before 


The American Society of Mechanical Engineers 


List 
Price 


Hydraulic Hoisting Plant for Pier of Brooklyn Sugar 
Refining Co., Engel $ 


Haulage by eves, Briggs 

Measuring and Mixing of Crushed Materials, Trump.. 
Hoisting and Conveying Machinery, Titcomb 
Continuous Conveying of Materials, Peck 

The Belt Conveyor, Baldwin 

Conveying Machinery in a Cement Plant, Tomlinson. 
Performance of Belt Conveyors, Haddock 

Discussion on 1190, 1191, 1192, 1193, 1194 

A Unique Belt Conveyor, Soper, 

Automatic Feeders for Handling Material, Baldwin,. . 


Price per set, $2.00 (Members’ rates are half the list price) 


Address, CALVIN W. Rick, SECRETARY, 29 W. 39th Street, New York 
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-—-CTHE TRIPLEX BLOCK)= 
First and Last Things 


The first thing a Triplex Block gives you 
is eficiency—one man alone becomes able to 
lift twenty tons. 


The last thing a Triplex Block gives you 
is trouble—after years of hard service it keeps 
on doing its work. 


Efficiency, economy, durability—these you 
will find in the Triplex Block in a higher 
degree than in any other hoisting device ever 


built. 





The Book of Hoists is well worth a postcard 


‘ The Yale & Towne Mfg. Co. 


9 Murray Street New York, U.S. A. 























THE 
STANDARD 
WIRE 


ROPE 




















““ogecimolc, Steam and Power Pumping Machinery 


——For every service—— 


American Compound Pumps work- 
ing on Elevator or Water Works 
service have shown a very low steam 
consumption and a minimum main- 
tenance cost. 

They have been found reliable 
and ready to work with the 
Governor. 


Our No. 18 Cat into details. 
Compound Packed Plunger Pump. : somstecncandans - 


American Steam Pump Company, meee 4 tee 





GOULD’S 
Triplex Pumps 


Highest efficiency, greatest 
strength and durability. 


Furnished in all capacitiesfor every 
service. Send for catalog. 


THE GOULDS MFG. CO. 


78 West Fall Street, Seneca Fatus, N.Y. 


16 Murray St. 58 Pearl St. 
New YorK Boston 





CENTRIFUGAL 
PUMPING MACHINERY 


Of all Descriptions 


MORRIS MACHINE WORKS 


BALDWINSVILLE, N. Y. 


HENION & HUBBELL, Agents, 61-69 N. Jefferson 
Street, Chicago, IIl. 


H. A. PAINE, Agent, Houston, Tex. 
New York Office, 139-41 Cortlandt Street 














VENTURI METERS 


are now measuring the total VENTURI METER TUBE 
water supplied to more than a thousand cities and towns 
throughout the world. 
There is absolutely NO MECHANISM in the METER TUBE. 
We make a SPECIAL STUDY of each proposed installation. 
DESCRIPTIVE BULLETINS UPON REQUEST 
| BUILDERS IRON FOUNDRY, provipence, pr. 1. 
= 
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INDIVIDUAL SANITARY WASH BOWLS 


Arranged in Single or Double 
Batteries, of Practically Any 
Number of Bowls:— 


Hot and Cold or Cold Water 
Only. Plain Nozzle, Self- 
Closing or Compression 
Bibbs:— 


Plain Cast Iron, Galvanized 
Iron or Vitrified Porcelain 
Enameled Iron Bowls. 





Send for complete catalog of our full line of allimetal Shop and Factory 
Equipment, Sanitary Wash Bowls, Improved Soda Kettles, Improved 
Stools, Work Benches, Stock Racks, Sanitary Drinking Fountains, etc. 


MANUFACTURING, EQUIPMENT & ENGINEERING COMPANY, BOSTON, MASS. 











STANDARD ROLLER BEARING 
CAR JOURNALS a 
(PATENTED) <ER> 
are fully described and illustrated in Bulletin 26. nena 
Send for it. 


Standard Roller Bearing Company 
Philadel phia 








The fact is recognized among engineers that two fundamentally impor- 
tant features of Thermo-Electric Pyrometers are: 
(1) Quality of electrical movement. (2) Control of ‘‘cold end’’ temperature. 
> (1) The Wm. H. Bristol electric pyrome'ers are fur- 
nished exclusively with pivot jewel-bearing Weston milli- 
voltmeter movements, the unique high quality of which is 
known the world over. 

(2) The Wm. H. Bristol electric pyrometers are the 
only pyrometers equipped with the Bristol patented thermo- 
electric couples consisting of fire end and extension-piece 
which provide in a practical way for controlling the cold 
end temperatures. 


Write for 56 page illustrated catalogue # 130 explaining these exclusive 
patented features. 


THE BRISTOL CO., WATERBURY, CONNECTICUT 











MANNING, MAXWELL & MOORE 


INCORPORATED 


Machine Tools, Electric Cranes 
and Engineering Specialties 


85-87-89 LIBERTY STREET NEW YORK 














WE SPECIALIZE 


We concentrate our entire attention on valves and hy- 
drants and do not have a line of miscellaneous sundries 
such as fittings, boiler trimmings, etc., to divide our 
interests. Thus we can give valves particular attention. 

The result of this concentrated effort is shown in Ken- 
nedy Valves—it shows in their design, workmanship 
and finish. 


THE KENNEDY VALVE MFG. CO. 


Main Office and Works, 1028 E. Water St., ELMIRA, N. Y. 
Branch Office and Warehouse, 45 Beekman St., NEW YORK CITY. 


Agencies, 666 Western Union Bldg., Chicago, Ill. 
600 Bessemer Bldg., Pittsburg, Pa. 
262 Market St., San Francisco, Cal. 








| Matawan Standard Quality 
BOILERS 


Return Tubular Internally Fired Upright and Water Tube 
PLATE WORK OF EVERY DESCRIPTION 


ROBB ENGINEERING CO. Ltd. 


Waverly St., South Framingham, Mass, 








JENKINS BROS. CHECK VALVES 


are made from Standard and Extra Heavy pattern, both 
brass and iron body in several different styles—horizon- 
tal, angle, vertical, swing. All are fitted with the 
= Jenkins Disc, thus assuring a tight seat. And as the 
Jenkins Disc takes practically all the wear, the seat is 





seldom injured, and valves give long and satisfactory 
service without requiring attention or repair. 


Catalogue mailed on request. 


J E N K | N S$ B R 0 S$ . NEW YORK BOSTON PHILADELPHIA CHICAGO 








HEINE ‘Suse BOILERS 


SUPERHEATERS 
In units of from 60 to 600 H. P. 


Heine Safety Boiler Co., St. Louis, Ma. 


BRANCH OFFICES 
Boston New York Philadelphia Pittsburgh Chicago Cincinnati New Orleans 
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WATER TUBE, INTERNAL FURNACE AND RETURN TUBULAR 


BOILERS 


ALL WROUGHT STEEL CONSTRUCTION 


E. KEELER COMPANY 
» Established 1864 | WILLIAMSPORT, PA. 


New York Boston Philadelphia Pittsburgh 
Chicago San Francisco 





The Excellent Economy of 


HAMILTON CORLISS ENGINES 


is possible by their 
small volumetric 
clearance, high me- 
chanical efficiency 
and fine workman- 
ship. 

Send for Bulletin F 


THE HOOVEN, OWENS, RENTSCHLER CO. Hamilton, Ohio 








THE BABCOCK & WILCOX COMPANY 


85 LIBERTY STREET, NEW YORK 


Water Tube Steam Boilers 


STEAM SUPERHEATERS MECHANICAL STOKERS 
Works: BARBERTON, OHIO BAYONNE, N. J. 


BRANCH OPFICFS 
BOSTON, 35 Federal St. PHILADELPHIA, North American Bldg. SAN FRANCISCO, 99 First Street 
PITTSBURGH, Farmers Deposit Bank Bidg NEW ORLEANS, Shubert Arcade. DENVER, 435 Seventeenth Street 
SALT LAKE CITY, 313 Atlas Block CHICAGO, Marquette Bidg ATLANTA, Candler Bidg. 
CLEVELAND, New England Bidg. PORTLAND, ORE., Wells-Fargo Bldg. HAVANA, CUBA, 1164 Calle de la Habana 
LOS ANGELES, American Bank Bldg. SEATTLE, Mutual Life Bldg CINCINNATI, Traction Bidg. 








SCOTCH BOILERS DRY AND WATERBACK 


ALSO 
IMPROVED MANNING 
VERTICAL BOILERS 

AND 


SPECIAL BOILERS 
FOR STEAM HEATING 


KINGSFORD FOUNDRY & MACHINE WORKS, OSWEGO, N.Y. 
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COMPANY 
— H-:J-REED INC. 
CINCINNATI, O. 


ELEVATORS 


EVERY TYPE 








THE A. & F. BROWN CO. 


ENGINEERS, FOUNDERS, MACHINISTS; 
AND MILLWRIGHTS 


POWER TRANSMISSION 
MACHINERY 
DESIGNED, FURNISHED AND ERECTED) 


SPECIAL MACHINERY 


Friction Clutch Pulleys Gears of all kinds 
oad Gamat IRON CASTINGS aie 


WORKS: ELIZABETHPORT SALES ROOM; 172 FULTON ST., 
NEW JERSEY NEW YORK CITY 











Power Transmission Appliances 


FRICTION CLUTCH PULLEYS FLOOR STANDS 

FRICTION CLUTCH COUPLINGS HEAVY MILL BEARINGS 
FRICTION CLUTCH QUILLS SHAFT COUPLINGS 

FRICTION CLUTCH OPERATORS SHEAVES ann TENSION CARRIAGES 
FRICTION CLUTCH SHEAVES PULLEYS anp FLY WHEELS 


FALLS CLUTCH and MACHINERY CO. 


CUYAHOGA FALLS, OHIO, U. S. A. 
New York Cry, 206 Fulton St. Boston, 54 Purchase St. Cxincinnati, 208 Elm St. 








WRITE for a copy of our 
booklet entitled “‘The 

Modern High Speed Automatic 

Engine,’”’ which describes 


The American Ball Angle 
Compound Engine 


AMERICAN ENGINE COMPANY 


42 RARITAN AVE., BOUND BROOK, N. J. 
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ALLIANCE CRANES All Types 


Also Rolling 
Mill and 
Hydraulic 
Machinery, 
Steam Ham- 
mers, Punches and Shears, Scale Cars, Copper 
Converting Machinery, etc. 





THE ALLIANCE MACHINE CO. ALLIANCE, OHIO 


Pittsburg Office, Frick Building Birmingham Office, Woodward Building 





COMPLETE FOUNDRY EQUIPMENT 


For Grey Iron, Brass, Car Wheel, Pipe, Steel & Malleable 
Casting Plants. Buildings designed and furnished. 
Equipment installed. Initial operation con- 
ducted by ourexperts at moderate charge. 


All types of CRANE S for every service 


WHITING: 


Lea IVa bale 020285 and full in- 


Reliable construction HARVEY-ILL.U.S.A. formation on request 


ICAGOS 





Practical designs 











If you need ELECTRIC AND HAND TRAVELING CRANES 
Learn about 


mwa IGANES 


Made to suit the most exacting engineering requirements and the most severe 
duty. All types, capacities and sizes. Safety to employes given especial con- 
sideration in all our designs. 


NORTHERN ENGINEERING WORKS. 0¢tk01. 


NEW YORK OFFICE, 120 LIBERTY STREET ° CHICAGO, 539 MONADNOCK 








CLYDE Hoisting Engines 


— EMBODY — 


Steel Gears and Ratchets, Bronze Bushed Drums, 
Large Shafts and Bearings, Positive Frictions, 
Large Boilers and other Important Features 


Send for Descriptive Catalog 


CLYDE IRON WORKS 
DULUTH, MINN. 
CHICAGO, ILL., 318-19 FISHER BLDG, 
NEW YORK NEW ORLEANS SAVANNAH 
30 Church 421 Carondelet 501 Goemente 14s Gea 
Street Street Bank Bldg. Bldg. 

















Gas Engines 


PAPERS READ BEFORE THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


No. Price List 
836 Entropy Temperature Diagram of a Gas or Oil Engine, 


843 An Efficiency Test of a Gas Engine, C. H. Robertson.... 

861 The Gas Engine Hot Tube as an lgnition-Timing Device, 
W. T. Magruder 

875 Efficiency of a Gas Engine as Modified by Point of 
Ignition, C. V. Kerr 

879 A New Principle in Gas Engine Design, C. E. Sargent. . 

895 Efficiency Tests of a One-Hundred and Twenty-Five 
Horse Power Gas Engine, C. H. Robertson 

920 A New Valve Gear for Gas, Steam and Air Engines, 
E. W. Naylor 

950 Working Details of a Gas Engine Test, R. H. Fernald... 

961 Entropy Analysis of the Otto Cycle, S. A.Reeve 

989 A Method of Testing Gas Engines, E. C. Oliver 

990 Performance of an Internal Combustion Engine, H. F. 
Halladay 

991 Tests of a Twelve Horse Power Gas Engine, C. H. Robert- 


1023 A Compact Gas Engine, Beam Type, C. H. Morgan 

1031 Commercial Gas Engine Testing and Proposed Standard 
of Comparison, W. P. Flint 

1167 Control of Internal Combustion in Gas Engines, C. E. 


1202 The Horse Power Friction Losses and Efficiency of Gas 
and Oil Engines, L. S. Marks 

1240 Offsetting Cylinders in Single-Acting Engines, T. M. 
Phetteplace 

S (15) X-A Method of Improving the Efficiency of Gas Engines, 
T. E. Butterfield 

First Large Gas Installation in American Steel Works, 

E. P. Coleman 


Set complete, $4.00 


Members’ rates are half price 


Address Catvin W. Rice, Secretary, 29 W. 39th St . New York. 











26 














MACHINE SHOP EQUIPMENT 


MACHINE SHOP EQUIPMENT 


THE ALLEN MFG. CO. Inc. : 
HARTFORD, CONN. SAFETY 


SET SCREW 
Allen Patent Safety Set Screws. Made from high-test steel bars and 
warranted fully as strong as the best projecting screw made, besides elimi- 
nating danger on rotating shafts. Ask your dealer for them. 


BUTTERFIELD & CO. 
Derry Line, Vt. New York, 126 Chambers St. Rocx Istanp, P.Q. 


Manufacturers of Taps, Dies, Screw Plates, Stocks and Dies, Tap 
Wrenches, and all Thread Cutting Tools. Our goods are not surpassed by 
any in the world. 


[Oo wD On rrnn y 
THE CARBORUNDUM COMPANY 
NIAGARA FALLS, N. Y. 
_Sole manufacturers in America of Carborundum, the hardest, sharpest, quickest CARBORUNDUM 
cutting and most uniformly perfect abrasive material known.. The Carborundum pro- FRODUCTS 
ducts include: Grinding Wheels for every possible grinding need, Sharpening Stones, 


Oil Stones, Rubbing Bricks, Carborundum Paper and Cloth, Valve Grinding Compound, 
Carborundum Grains and Powders, and Garnet Paper. 











THE J. M. CARPENTER TAP & DIE CO. 
PAWTUCKET, R. I. 


Carpenter’s Tools for cutting Screw Threads, Taps, Dies, Screw Plates, 
Dies and Stocks, Tap Wrenches, etc., have been 38 years on the market 
and 38 years in the lead. 


CINCINNATI GEAR CUTTING MACHINE CO. | 


R CU’ GEAR 
CINCINNATI, O. CUTTING 


Our Automatic Spur Gear Cutting Machines exceed in power and| MACHINES 
capacity and equal in accuracy any machines of their type made. 








THE CINCINNATI SHAPER CO. 

CINCINNATI, O. | 

We manufacture the most complete line of Shapers made, including | MACHINES 
Plain Crank, Back Geared Crank, Geared Rack, Open Side and Traverse | 


Shapers, as well as Crank Planers. ° | 


SHAPING 


THE FELLOWS GEAR SHAPER CO. 


SPRINGFIELD, VT. GEAR 


SHAPERS 
The Gear Shaper cuts the smoothest gears in use, because the cutter is a theoreti- 
cally correct generating tool and is ground after being hardened. It is also the 
fastest machine on the market by 25 to 50%. Literature gives reasons in detail. 
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| THE GARVIN MACHINE COMPANY 
MILLING 137 Varicx Sr. NEW YORK CITY 
MACHINES | Manufacturers of a complete line of Plain and Universal Milling Machines, Screw 
Machines, Monitor Lathes, Tapping Machines, Duplex Drill Lathes, Speed Lathes, Cut- 
ter Grinders, Automatic Chucks, etc. 


THE HEALD MACHINE COMPANY 
GRINDING WORCESTER, MASS. 


MACHINES Manufacturers of Grinding Machines. Internal Grinders, Cylinder | 
’ | Grinders, Surface Grinders, Drill Grinders. 








INGERSOLL-RAND COMPANY 


AIR 
COMPRESSORS | 11 Broapway NEW YORK 


AIR TOOLS : 
AND HOISTS Air Compressors, twenty standard types, capacity 8 to 8000 cu. ft. per minute; 
“Crown” and “Imperial” Air Hammers and Drills, all sizes; ‘Imperial’? Air Motor 


Hoists, capacity 4 to 5 tons. 








JONES & LAMSON MACHINE Co. 
TURRET SPRINGFIELD, vi 


LATHES Manufacturers of the Hartness Flat Turret Lathe; made in two sizes 
| for both bar and chuck work. 











BORING » VU. 
Vertical Turret Machines, 28” and 34”. Vertical Boring and Turning 


MILLS 
| een, 42” to 84”, inclusive. 








_ THE R. K. LE BLOND MACHINE TOOL CO. 
CINCINNATI, OHIO. 
MILLING We manufacture a complete line of Heavy Duty Lathes and Milling Machines. 


They are scientifically designed, so the power is limited only by the strength of the 
cutting tool. It will pay you to investigate our machines. Catalogue upon request. 


MACHINES 











= —- — ss 

macuine | MANNING, MAXWELL & MOORE, Inc. 

TOOLS | SINGER BUILDING, NEW YORK | 
ENGINEERING Are the largest and best known distributors of Machine Tools in the 

SPECIALTIES world and carry in stock the product of the foremost designers of the | 

— | many branches of machine tool building in the United States. 


a 





MANUFACTURING EQUIPMENT & ENGINEERING CO. | 
METAL SHOP BOSTON, MASS. 
— We manufacture a full line of all metal Shop and Factory Equipment, 


Poni onl Sanitary Wash Bowls, Improved Soda Kettles, Improved Stools, Work 
Benches, Stock Racks, Sanitary Drinking Fountains, etc. 
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MACHINE SHOP EQUIPMENT 





THE NEW PROCESS RAW HIDE CO. penne 
SYRACUSE, N. Y. AND 


Manufacturers of New Process Noiseless Pinions and also of accurately GEARS 
‘cut Metal Gears of all kinds. 





WALTHAM MACHINE WORKS cniitannie 
WALTHAM, MASS. 


BENCH 
Our Bench Lathes swing 8”, will take #” rod through the chuck and the workman- 
ship is of the highest watch machine standard. It is a necessity in the modern tool LATHES 
— Catalog for those interested. Also makers of Automatic Precision Bench 
achinery. 











THE WARNER & SWASEY COMPANY 
CLEVELAND, OHIO TURRET 
BRANCH OFFICES: NEW YORK CHICAGO DETROIT]! LaTHES 


We offer a most complete line of high-grade Turret Lathes for producing work 
accurately, rapidly and economically. Our catalog, which describes these machines 
fully, will be mailed on request. 














WELLS BROTHERS COMPANY 
GREENFIELD, MASS. TAPS AND 


We make and sell the Little Giant line of Taps, Dies, Screw Cutting DIES 
Tools and Machinery. 





STEAM ENGINES AND BOILERS 





ALMY WATER TUBE BOILER CO. 


PROVIDENCE, R. I. WATER TUBE 


Manufacturers of Almy Patent Sectional Water Tube Boilers for steamships, BOILERS 
river steamers, both propeller and stern wheel, torpedo boats, fire boats, launches. 
Donkey Boilers for steamships and for all kinds of stationary work. 








AMERICAN ENGINE CO. 


42 Raritan Ave. BOUND. BROOK, N. J. 


| 

| 

Builders of American Ball Angle Compound Engines. Angle com-| “ENGINES 
pound, 80 to 1,000 h. p.; double angle compound, 160 to 2,000 h. p.; four 

| cylinder triple, 120 to 1,600 h. p. 

















THE BABCOCK & WILCOX COMPANY | 


85 LIBERTY STREET, NEW YORK WATER TUBE 
5 BOILERS 


Water Tube Steam Boilers, Steam Superheaters, Mechanical Stokers. 
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STEAM ENGINES AND BOILER 


BALL ENGINE COMPANY 
ERIE, PA. 


Builders of Ball Single Valve Automatic and High Speed Corliss Engines with 
non-detaching valve gear, for direct connection, or belting to electric generators. 











BUCKEYE ENGINE CO. 
SALEM, OHIO 


Builders of Steam and Gas Engines; high in duty, superior in regu- 
lation. Buckeye Four-Stroke Cycle Gas Engine, single and double-acting, 
in powers from 50 to 6000 h. p. 








ERIE CITY TRON WORKS 
| ERIE, PA, 
Boilers: water tube, horizontal tubular, return tubular, water bottom portable, 


open bottom portable and vertical tubular. Engines: four valve, enclosed high speed, 
| automatic, center crank, side crank, portable. Feed-Water Heaters from 25 to 600 h.p. | 








| HARRISBURG FOUNDRY & MACHINE WORKS 
HARRISBURG, PA. 


Manufacturers of Fleming-Harrisburg Horizontal Engines, Corliss and | 
Single Valve, Simple, Tandem and Cross Compound. | 
J 





| HEINE SAFETY BOILER CO. 
| ST. LOUIS, MO. 


Heine Water Tube Boilers and Superheaters, manufactured in units of 
from 50 to 600 H. P.. will materially reduce power plant expense. 





| HEWES & PHILLIPS IRON WORKS 
NEWARK, N. J. 
Makers of improved Patent, Double Port Corliss Engines, Heavy Duty 


| or Girder Frame, Simple or Compound, having our new Franklin High- 
| speed Liberating Valve Gear. 





THE HOOVEN, OWENS, RENTSCHLER CO. | 
HAMILTON, OHIO. 


Manufacturers of Hamilton Corliss Engines, Hamilton High Speed 
Corliss Engines, Hamilton Holzwarth Cteam Turbines, Special Heavy 
Castings. 











KINGSFORD FOUNDRY & MACHINE WORKS 
OSWEGO, NEW YORK 


Scotch Boilers, Dry and Waterback; also Improved Manning Verti- 
cal Boilers, and Special Boilers for Steam Heating. 
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STEAM ENGINES AND BOILERS 


PROVIDENCE ENGINEERING WORKS steam ano 


PROVIDENCE, R. I. GAS a 
Rice & Sargent Higher Speed Corliss Engines, Improved Greene ppopucers 


Engines, Providence Gas Engines and Gas Producers, Providence Stezm STEAM 
Turbines, Automobile Motors and Parts, Special Machinery. TURBINES 


RIDGWAY DYNAMO AND ENGINE CO. 
RIDGWAY, PA. ENGINES 
Ridgway Engines; four-valve, cross compound, belted, single-valve,, GENERATORS 
tandem compound, direct connected. Ridgway Generators; alternating 
current, direct current, belted and engine types. 





ROBB ENGINEERING CO., LTD. 


Waverly St., SOUTH FRAMINGHAM, MASS 
181 State St., BOSTON 90 West St., NEW YORK BOILERS 
Robb-Brady Internally Fired Boiler, Water Tube, Return Tubular, 


_ and other types of boilers; Smoke Stacks, Tanks, etc. 
\ Daten aad 








THE VILTER MFG. CO. a 


ENGINES 
1070-1088 (urnTon Sr. MILWAUKEE, WIS. 
| Established 1867 REFRIGERATING 
| , : ’ : MACHINERY 
Builders of Corliss Engines. Girder or Heavy Duty Type Bed for Belted or Direct- 
Connected Service, medium or high speed. Ice and Refrigeration Machines. 














THE WESTINGHOUSE MACHINE CO. | TYaEists 
EAST PITTSBURG, PA. 


Designers and builders of Steam Turbines, Steam Engines, Gas En- 
gines, Gas Producers, Condensers and Mechanical Stokers. 


ab 


GAS 
PRODUCERS 
CONDENSERS 
STOKERS 








GAS ENGINES AND GAS PRODUCERS 





GAS 
ENGINES 


MILWAUKEE, WISCONSIN 


Builders of Gas Engines ts operate on producer gas, natural gas or 
furnace gas, capacities from 300 to 5000 B.H.P. | 


ALLIS-CHALMERS COMPANY : 








THE BRUCE-MACBETH ENGINE CO. | 
Successors to THE BRUCE-MERIAM-ABBOTT COMPANY GAS ENGINES 
2116 Centre St., N. W.. CLEVELAND, O. AND 
Vertical Gas Engines, Two and Four Cylinders. For natural or pro- PRODUCERS 
| Colled gas. 15 to 300H.P. Economy, reliability and simplicity unex- 
celled. 
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GAS ENGINES AND GAS PRODUCERS 





acrmicenarina| ‘DE LA VERGNE MACHINE COMPANY 


ICE MAKING |1193 E. 188TH Sr. NEW YORK CITY 


MACHINERY ; 4 , 7 : P 
ou. ane Gace Refrigerating and Ice Making Machinery, 5 to 600 tons capacity; Oil 


ENGINES Engines up to 350 B. H. P.; Gas Engines 75 to 2400 B. H. P. 


AUGUST MIETZ IRON FOUNDRY & MACHINE WORKS | 
OIL 123 Morr Sr., NEW YORK | 


ENGINES Oil Engines, Marine and Stationary, 2-400 h.p., 150,000 h.p. in oper- | 
ation. Direct coupled or belted to Generators, Air Compressors, Pumps, 
Hoists, etc., etc. 














as 
NATIONAL METER COMPANY | 
GAS ENGINES | NEW YORK | CHICAGO BOSTON | 
AND Nash Gas Engines and Producers are capable of running at their rated | 


PRODUCERS | Joad for ten consecutive hours on one charge of fuel; will develop a B. h, p. | 


hour on one pound of coal; are reliable because they’re Nash. | 











POWER PLANT AUXILIARIES AND SPECIALTIES 


| AMERICAN INJECTOR COMPANY 


DETROIT, MICH. 
U. S. Automatic Injectors, Ejectors, Jet Pumps, Drive Well Jet Pumps, 
Exhaust Injectors, Fire Plugs, Grease Cups, Oil Cups, Oil Pumps, Water 
Gages, Gage Cocks, lubricating devices and other steam specialties. 


INJECTORS | 





VALVES | , 
GAUGES | BOSTON, MASS. EstaBiisHED 1851 


Presssure and Recording Gauges, Engine Room Clocks and Counters for all pur- 

INDICATORS poses. Iron and Brass Pop Safety and Relief Valves for stationary, marine and loco- 
motive use, The American Thompson Improved Indicator with new improved detent 

motion. 





THE ASHTON VALVE CO. 
VALVES | BOSTON NEW YORK CHICAGO 


GAGES Makers of the Ashton Pop Safety Valves, Water Relief Valves, Blow 
Off Valves, Pressure and Vacuum Gages. All of a superior quality and 
| guaranteed to give greatest efficiency, durability and perfect satisfaction 





OIL AND TAR W. N. BEST | 
BURNERS | 11 Broadway NEW YORK CITY | 


| 
Apparatus for and technical information relative to all forms of liquid | 
FURNACES | ¢y¢] equipment. 
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POWER PLANT AUXILIARIES AND SPECIALTIES 


THE BRISTOL COMPANY 


RECORDING 
WATERBURY, CONN. 


GAUGES 
Bristol’s Recording Pressure and Vacuum Gauges. Bristol's Recording Ther- — 
\mometers. The Wm. H. Bristol Electric Pyrometers. Bristol's Recording Voitmeters, 
Ammeters and Wattmeters. Bristol’s Recording Water Level Gauges. Bristol's Time INSTRUMENTS 
Recorders and Bristol’s Patent Steel Belt Lacing. 











ORANGE, N. J. 

















INJECTOR 
The Bulkley Injector Condensor is guaranteed to form the best vacuum | conpenson 
| by head of water or by supply pump. In general use on all classes of 
| engines. 
CHAPMAN VALVE MANUFACTURING CO. | 
INDIAN ORCHARD, MASS. 
BOSTON NEWYORK ST.LOUIS PITTSBURGH CHICAGO PHILADELPHIA SAN FRANCISCO VALVES 
Brass and Iron Valves for steam, water, gas, oil, etc. Sluice Gates. | 
Send for catalogue. 
CROSBY STEAM GAGE AND VALVE CO. 


Steam, Gas, Hydraulic Indicators; Stationary, Marine, Locomotive Safety Valves; sappLIANCES 
Gages for all purposes; Recording Instruments; Chime Whistler; Sight feed Lubrica- 
tors; Globe and Angle Valves, Iron and Brass, for high pressures; Blow-off Valves; Gage 
Testing Instruments; Boiler Testing Instruments; Planimeters and other specialties. 


| THOS. H. DALLETT CO. 























AIR 
York anp 23xp Srs. PHILADELPHIA, PA. | COMPRESSORS 
_ Manufacturers of a complete line of Air Compressors, suitable for high-class instal- | PNEUMATIC 
lations. Equipped with special “Silent” inlet and discharge valves. Also Pneumatic BOILER 
Boiler Scalers for cleaning boiler sheets, drums, condensers, etc. Send for literature. SCALES 
DEARBORN DRUG & CHEMICAL WORKS| — ...-n 
General Offices and Laboratories: McCormick Bldg., CHICAGO WATER 
Analyze gallon samples of boiler waters, and furnish reports to steam TREATMENT 
users, gratis. Prepare scientific water treatment for the prevention of scale, BOILER 
| corrosion, pitting, foaming, and all troubles caused from boiler waters. COMPOUND 
ari 4 T A] Pe Al wyr 7 ’ 7 . - | 
HOMESTEAD VALVE MANUFACTURING COMPANY | 
Worxs: HOMESTEAD, PA. PITTSBURG, PA. | 
Manufacturers of ‘‘Homestead Valves.’’ Straightway, Three-way and VALVES 
Four-way, for blow-off or for highest pressure and most difficult service for | 
water, air or steam. Valves unlike all others. | 
| THE HUGHSON STEAM SPECIALTY CO. asdaaties 
CHICAGO, ILL. STEAM TRAPS 
Manufacturers of Regulating Valves for all pressures and for steam, air and water. SEPARATORS 
The best and only absolutely noiseless Combination Back Pressure and Relief Valve. REGULATORS 
Pump Regulators, Separators, Steam Traps, Automatic Stop and Check Valves. Write 
for complete catalogue. 
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POWER PLANT AUXILIARIES AND SPECIALTIES 








_— 
AIR INGERSOLL-RAND COMPANY 
COMPRESSORS | 1] Broapwar NEW YORK 
AIR TOOLS ‘ P i 
Air Compressors, twenty standard types, capacity 8 to 8000 cu. ft. per minute; 
AND HOISTS “Crown” and ‘Imperial’? Air Hammers and Drills, all sizes; “Imperial’’ Air Motor 
Hoists, capacity } to 5 tons. 











[ JENKINS BROS. 


VALVES NEW YORK BOSTON PHILADELPHIA CHICAGO 
PACKING Manufacturers of the genuine Jenkins Bros. Valves, Jenkins Discs, 
viscs | Jenkins ’96 Packing, Jenkins Bros. Pump Valves, Jenkins Gasket Tubing. 


| Sole agents for Sellers’ Restarting Injector. Catalog mailed on request. 


} 


MAGNESIA ROBERT A. KEASBEY CO. 


ASBESTOS’ /| 100 N. Moore St. NEW YORK CITY 
AND | Telephone: 6097 Franklin. 
BRINE PIPE Heat and Cold Insulating Materials. Headquarters for 85% Magnesia, 








COVERINGS _ Asbestos and Brine Pipe Coverings, Asbestos Products, etc. 





K. KEELER COMPANY 
WILLIAMSPORT, PA. 


initial Water Tube, Internal Furnace and Return Tubular Boilers. Self-Sup- 
porting Stacks, Feed Water Heaters. 
THE KENNEDY VALVE MANUFACTURING CO. 
ELMIRA, N. Y. 57 Beexman St... NEW YORK 
VALVES 


Manufacturers of Valves for various purposes and pressures; Hydrants; 
| Indicator Valves for Automatic Sprinkler Equipment. 


= wna | 


THE LUDLOW VALVE MFG. CO. 
con aele Zs, Ms Ee 


VALVES Manufacturers of genuine Ludlow Gate Valves for all purposes. 


Special Blow-off Valves. Check Valves. Foot Valves. Sluice Gates. | 
FIRE HYDRANTS | Indicator Posts. Fire Hydrants. 








| 


— 











THE LUNKENHEIMER COMPANY | 


piace CINCINNATI, OHIO | 


LUBRICATORS Manufacturers of high-grade engineering specialties, comprising Brass and Iron 
ETC. Valves, Whistles, Cocks, Gauges, Injectors, Lubricators, Oil Pumps, Oil and Grease 
Cups, etc., adapted to the requirements of all ciasses of machinery. 

















» | 
THE MODEL STOKER CO. | 
AUTOMATIC DAYTON, O. 
BOILER The Model Automatic Smokeless Furnace. The only automatic fur- 
CEs mace that keeps the fire clean. Designed by experienced skill, and is a 
FURNA decided advance in stoker furnace construction and in operative results. 
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MONARCH VALVE & MANUFACTURING COMPANY 


39 Cortianpt St., NEW YORK SPRINGFIELD, MASS. 
Manufacturers of Bronze and Iron Bodied Valves for various pressures | 
and purposes. | 














MOREHEAD MANUFACTURING CO. 
DETROIT, MICH. 


Return, Non-Return and Vacuum Steam Traps. The Morehead Tilting Steam Trap 
is the original design of tilting trap, having been on the market for a quarter of a cen- 
tury. For reliable and satisfactory service this type of trap recommends itself. Illus- 
trated descriptive catalog sent on request. 














THE MURPHY IRON WORKS 
DETROIT, MICH. 
Founded 1878 Inc. 1904 


Builders of The Murphy Automatic Furnace. The best Automatic Fur- 


nace that thirty years practical experience can produce. | 














NELSON VALVE COMPANY 








PHILADELPHIA 

Gateg Globe, Angle and Check Valves, for Water, Saturated or Super- | 
heated Steam and other fluids, for any pressure, for any temperature; also | 
| Blow-off Valves. Our new 224-page Valve Catalogue sent free on request. | 











THE OHIO INJECTOR COMPANY 
WADSWORTH, O. 


Manufacturers of Ohio Locomotive Injectors, Garfield Injectors and Ejectors, 
Ohio Automatic Injectors, Chicago Automatic Injectors and Ejectors Chicago Sight- 
Feed Lubricators for locomotive and stationary service, Grease Cups Oil Cups, Water 
Gauges, Gauge Cocks, O. I. Co. Valves, etc. 








THE PICKERING GOVERNOR CO. 
PORTLAND, CONN. 


Governors for Steam Engines, Turbines, Gas Engines. Mechanical 
Control, Power Regulation. 


See our Condensed Catalogue in April number of The Journal. 


——— - ~~ ———— —— 














POWER PLANT SPECIALTY COMPANY 
625 MONADNOCK BLK., CHICAGO, ILL. 

Manufacturers of the Vater Two Stage Separator, Vater Water -Soften- 
ing System, Vater Open Feed Water Heater, Monarch Vacuum Drain 
Trap, Pressure and Gravity Filters. Correspondence solicited. 











POWER SPECIALTY CO. 
111 Broapway NEW YORK 


The Foster Patent Superheater, saves feed water, condensing water, 
coal and boiler power. 
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POWER PLANT AUXILIARIES AND SPECIALTIES 





WM. B. SCAIFE & SONS COMPANY 


221 Finsr Ave., PITTSBURG, PA. 
WE-FU-GO and SCAIFE Water Softening, Purifying and Filtering 





Systems for boiler feed water and all industrial and domestic purposes 








—— 


SHERWOOD MANUFACTURING CO. 
BUFFALO, N. Y. 


Twenty-five years experience manufacturing the Sherwood Double Tube Injectors | 
for high duty; Buffalo Automatic Injectors; also makers of the Hart Force Feed Oil | 
Pump for Steam Engines; Buffalo Force Feed Multiple Oil Pumps for Gas and Gaso- | 





line Engines; Oil Cups, etc. Catalog on application. 





| 


— ——d 





JOHN SIMMONS COMPANY 


110 Centre Sr. NEW YORK 

The Rothchild Rotary Gate Valve is the only Valve made that will 
positively hold steam, water, ammonia, gas, air, oil or other fluids—hot 
or cold, without any adjustment, repairs or replacing of parts. 











C. J. TAGLIABUE MFG. CO. 
| 396-398 BROADWAY NEW YORK, N. Y. 
Local Sales Offices in Chicago and San Francisco 


Manufacturers of Instruments for Indicating, Recording and Controlling Tempera- | 
| ture and Pressure. Thermometers; Automatic Controllers; Gages; Oil Testing Instru- | 
ments; Engineers Testing Sets, Pyrometers, Barometers, Hygrometers, Hydrometers, etc. 

| _Seeo our ir Condensed Catalogue in April number of The Journal. 











THE TEXAS COMPANY 
NEW YORK HOUSTON 


Lubricating Oils for Power Plants, Central Stations, Machine Shops, | 
Foundries and all general purposes. All classes of Petroleum Products of 
the highest quality. 














WHEELER CONDENSER & ENG. CO. 


CARTERET, N. J. 


Surface, Jet and Barometric Condensers, Combined Surface Condensers and Feed 
| Water Heaters, Cooling Towers, Edwards Air Pumps, Centrifugal Pumps, Rotative 
| Dry Vacuum Pumps and Multiple Effect and Evaporating Machinery. 


Matin OFFIcE anp Works: 











C. H. WHEELER MFG. CO. | | 
PHILADELPHIA, PA. | 


NEW YORK BOSTON CHICAGO SAN FRANCISCO 


Manufacturers of High Vacuum Apparatus, Condensers, Air Pumps, 
Feed Water Heaters, Water Cooling Towers, Boiler Feed and Pressure Pumps. 











PAPERS FROM TRANSACTIONS OF A. S. M. E. 


No, 534. An Evaporative Surface Condenser: J. H. Fitts, price $.10; 
No. 693, A Self-Cooling Condenser: Ralberger, price $.20; No. 1072. 





Condensers for Steam Turbines, price $.20. 
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PUMPS AND HYDRAULIC TURBINES 





PUMPS AND HYDRAULIC TURBINES 





ALLIS-CHALMERS COMPANY 
MILWAUKEE, WISCONSIN 
Builders of Reaction and Impulse Turbines, in capacities up to 20,000 
H.P. High Duty Pumping Engines, Centrifugal Pumps, Single and Multi- 
Stage; Screw Pumps, Elevator Pumps, Geared Pumps, Mine Pumps and 
Electrically Driven Pumps. Hydraulic Transmission Pumping Machinery . 








AMERICAN STEAM PUMP COMPANY 
BATTLE CREEK, MICHIGAN, U. S. A. 


Manufacturers of Marsh and American Steam and Power Pumping Machinery. 
| The valve motion is designed for efficient and reliable service, which, combined with 


| 
| 


| low maintenance cost, should appeal to engineers who desire to reduce their operating 


expenses. Literature upon request. 


M. T. DAVIDSON CO. 
43-53 Kear St., BROOKLYN, N. Y. 
New, Yorx: 154 Nassau St. Boston: 30 Oliver St. 


High grade economical Pumps for all services. Surface and Jet Con- 
densers. 


THE GOULDS MANUFACTURING COMPANY 
SENECA FALLS, N. Y. 


Manufacturers of Efficient Triplex Power Pumps for general water supply, muni- 
| cipal water-works, fire protection, hydraulic elevators, paper and pulp mills, boiler feed 
| pumps, chemical pumps and air compressors, rotary, centrifugal and well pumps and 

d pumps of every kind. 











HOLYOKE MACHINE COMPANY 


HOLYOKE, MASS. WORCESTER, MASS. 

Water Wheels with Connections and Complete Power Transmission, 
Water Wheel Governors, Gearing, Wood Pulp and Paper Machinery, 
Pumps, Hydraulic Presses. Special Machinery to order. 











J. & W. JOLLY, Inc. 
HOLYOKE, MASS. 


McCormick Holyoke Turbines designed to suit Mill or Hydro-Elec- 
tric Work. Paper Mill Machinery, Shafting, Gearing, Pulleys and 
Freight Elevators. 














MORRIS MACHINE WORKS 
BALDWINSVILLE, N. Y. 


Manufacturers of Centrifugal Pumping Machinery, Vertical and Hori- 
zontal Engines and Marine Engines, 
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PUMPS AND HYDRAULIC TURBINES 


a I WILLIAM E. QUIMBY, INC. 


comes | 548-60 Wesr-23p Sr. NEW YORK 


MANUFACTURERS | Have a shop on 23d Street, New York, equipped with large and accurate 
| tools and do a general machine business. Also manufacture the Quimby 
| Screw Pump and Quimby Electric Sump Pump. 


POWER TRANSMISSION 








THE AMERICAN PULLEY CO. 
PULLEYS | PHILADELPHIA, PA. 


The American Pulley. The first all steel parting belt pulley made. Now sold in 
larger quantities than any one make of pulley. No key, no set screw, no slip; light, 
true and amply strong for double belts. 120 stocks carried in the United States. 











ONEIDA STEEL PULLEY CO. 


| ONEIDA, N. Y. CHICAGO, ILL. | 
The largest manufacturers of Pulleys in the world. Our Steel Pulleys 

range from 6 to 126” diameter, 3 to 40” face, and fit any size shaft from 1 

to 84”. Let us send you our booklet illustrating all styles. 


PULLEYS 








— 








= THE A. & F. BROWN CO. | 
ponies | 172 Fulton St. NEW YORK | 


HANGERS | Manufacturers of Shafting, Pulleys, Hangers, etc. for Transmission | 
of Power. 


| 
| 
| 
a 








rriction LHE CARLYLE JOHNSON MACHINE CO. 
CLUTCHES | MANCHESTER, CONN. 


The Johnson Friction Clutch for feed and speed changes on machine 
tools. Send for our booklet ‘*Clutches for Use in Machine Building.’’ 


Power | DODGE MANUFACTURING CO. 
TRANSMISSION | MISHAWAKA, IND. 
ELEVATORS Manufacturers of everything for the Mechanical Transmission of 


CONVEYORS | Power; also Elevating and Conveying Machinery, and the ‘‘Eureka’’ 
| Water Softener. Send for general catalog C-10. 














FALLS CLUTCH AND MACHINERY CoO. 
CUYAHOGA FALLS, OHIO 
Friction Clutch Pulleys, Couplings, Quills, Operators, Clutch Sheaves. 


Floor Stands, Heavy Mill Bearings, Shaft Couplings, Sheaves and Tension 
Carriages, Pulleys and Fly Wheels. 


POWER 
TRANSMISSION 
APPLIANCES 





| 
| 
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POWER TRANSMISSION 


FLEXIBLE STEEL LACING CO. 
542 W. Jackson Boulevard CHICAGO, ILL. 
_ Alligator Steel Belt Lacing. Adapted for use on leather, rubber, balata, BELT 
cotton or canvas-stitched belting of any width or thickness. A perfect flex- LACING 
ible joint and separable hinge joint that works satisfactorily with an idler. 





STEEL 





— ehaetenadandl ao ee mas 4 
| THE HILL CLUTCH COMPANY 
CLEVELAND, OHIO POWER 
Manufacturers of a complete line of Power Transmission Machinery | TRANSMISSION 
| for belt, rope or gear driving, including the well known Hill Friction 
Clutches and Hill Collar Oiling Bearings. 


Z 


‘THE ROCKW 


INDIANAPOLIS, IND. Pui.ers—Parcr 

Rockwood Paper Frictions have proven their unquestioned superiority. | FRICTION 
You will find our booklets regarding Transmission of Power by Belts and | Transmission 
Friction Transmission desirable additions to your engineering library. 








‘ T. B. WOOD’S SONS CO. 
CHAMBERSBURG, PA. POWER 


Modern and Approved Appliances for the transmission of Power. | TRANSMISSION 
Shafting, Couplings, Collars, Hangers, Pulleys, Belt Tighteners, Friction | 
Clutches, Rope Driving Equipments. 


HOISTING AND CONVEYING MACHINERY 








ALLIANCE MACHINE CO. —__—sX|,_s cranes 


| ALLIANCE, OHIO seen 

| Makers of Alliance Cranes of all types; also Rolling Milland Hydraulic PUNCHES 
Machinery, Steam Hammers, Punches and Shears, Scale Cars, Copper-Con- AND 

| verting Machinery, etc. SHEARS 








| —_ . 
BRODERICK & BASCOM ROPE COMPANY 

ST. LOUIS, MO. WIRE ROPE 
| Manufacturers of Wire Rope for over a quarter of a century and of the | Acniac Wire Rope 
| 


famous Yellow Strand Wire Rope, the most powerful rope made. TRAMWAYS 
Special system of Aérial Wire Rope Tramways for conveying material. 








THE BROWN HOISTING MACHINERY CO. 


| New York CLEVELAND, O., U.S. A. Pittsburg 


Designers and manufacturers of all kinds of Hoisting Machinery, including Loco- HOISTING 
motive Cranes. Electric Travelers, I-beam Trolleys, Crabs, Winches, etc., as well as | MACHINERY 
heavy Hoisting Machinery of all description. Also Ferroinclave for reinforced con- 
crete roofing. 
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HOISTING AND CONVEYING MACHINERY 


H. W. CALDWELL & SON COMPANY 
CONVEYORS | NEW YORK CHICAGO | 
7 gone “4 . Elevating, Conveying and Power Transmitting Machinery. Helicoid & 
TRANSMISSION | 8CTeW Conveyors, machine molded gears, pulleys, fly-wheels, rope sheaves 
and drives, sprocket wheels & chain, buckets, belting, shafting and bearings. 








MOISTING CLYDE IRON WORKS 
ENGINES DULUTH, MINN. 


AND + | 
DERRICKS | Hoisting Engines and Derricks. All sizes and types of engines. 





THE EASTERN MACHINERY COMPANY 
FRICTION NEW HAVEN, CONN. 
CLUTCHE Manufacturers of Electric and Belt Power Passenger and Freight Ele- 
Ss vators, Hoisting Machines, Friction Winding Drums, Friction Clutches 
PULLEYS and Friction Clutch Pulleys. 


ELCV ATORS 











| THE B. F. GOODRICH CO. 
| AKRON, OHIO 
CONVEYOR | Manufacturers of Goodrich Conveyor Belt. The Goodrich ‘‘Longlife,”’ 
BELTS | **Econdmy”’ and ‘‘Grainbelt’’ Conveyors will handle more tons per dollar 
| of cost than any other belt made. 











| THE JEFFREY MFG. COMPANY 
ELEVATING | COLUMBUS, OHIO 


CONVEYING ’ Builders of Elevating, Conveying and Mining Machinery; Coal and Ashes Hand- 

MINING ling Systems for Power Plants; Screens, Crushers, Pulverizers, Car Hauls, Coal Tipples, 

MACHINERY | ll aera locomotives, Coal Cutters, Drills, etc. Complete Coal Mine Equip- 
| ments. 





wees, LIDGERWOOD MFG. CO. 


ENGINES 96 Liserty Sr. NEW YORK 
CABLEWAYS Hoisting Engines—steam and electric, for every use of the contractor, miner, 
MARINE warehouseman, railroads, ship owners, etc. Derricks, Derrick Irons and Derrick Hoists, 
TRANSFER Cableways for hoisting and conveying, Marine Transfer for coal and cargo handling. 











LINK-BELT COMPANY 
AND PHILADELPHIA CHICAGO INDIANAPOLIS 


CONVEYORS Elevators and Conveyors for every purpose; all accessories; Power 
Transmission Machinery. 


ELEVATORS 








MEAD-MORRISON MANUFACTURING COMPANY 
ELEVATING NEW YORK BOSTON CHICAGO 
AND P P we ‘ 
Coal-Handling Machinery, Hoisting Engines, complete Discharging and Storage 
CONVEYING Plants, Cable Railways, Marine Elevators. McCaslin and Harrison Conveyors, Steam, 


MACHINERY Electric, Belt and Gasoline Hoists, Derrick Swingers, Grab Buckets, Steam Boilers, 
Locomotive Derricks, Suspension Cabdleways. 
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HOISTING AND CONVEYING 'MACHINERY 





THE MORGAN ENGINEERING CO. 
ALLIANCE, OHIO 


Are the largest builders of Electric Traveling Cranes in the world. We CRANES 
also design and build Steel Plants complete, Hammers, Presses, Shears, 
Charging Machines and all kinds of Rolling Mill and Special Machinery. 








NORTHERN ENGINEERING WORKS 
DETROIT, MICH. CRANES 


We make Cranes of all types up to 150 tons. We also make Grab HOISTS 
| Bucket Cranes and Hoists for coal storage service, Cupolas, Coal and Ash 
Handling Machinery, Elevators and Foundry Equipment. 








THE H. J. REEDY CO. | 
CINCINNATI, O. 


Manufacturers of all types of Passenger and Freight Ele- 
vators. 


ELEVATORS 








ROBINS CONVEYING BELT COMPANY 
Tuomas Rosrys, Pres. C. Kemare Batpwriy, Chief Engr., 13 Park Row, N.Y. ROBINS 

The Robins Belt Conveyor was the original and is today the standard of this type BELT 
of conveying machinery. It is successfully and economically conveying ore, rock, coal CONVEYORS 


and — materials under the most trying conditions of service. Correspondence 
invited. 











JOHN A. ROEBLING’S SONS COMPANY 
TRENTON, N. J. 


Manufacturers of Iron, Steel and Copper Wire Rope, and Wire of | 
every description. 


WIRE ROPE 








SHAW ELECTRIC CRANE CO. 
MUSKEGON, MICH. | emanes 


Electric Travelers for all purposes. Gantries. Wharf Cranes. Rail- | CONTROLLERS 
road Wrecking Cranes. Electric Motor Controllers. 








THE TOLEDO BRIDGE & CRANE CO. | 
TOLEDO, OHIO iaeieascaacen 
Toledo Cranes and Hoists; Coal and Ore Handling Bridges; Grab Bucket HOISTS 
Machinery; Electric and Hand Power Cranes, all types, any capacity; 
Structural Steel for Factory Buildings. 











| THE WEBSTER M’F°G COMPANY ELEVATING 


(Successors to WEBSTER M’F’G CO.) CONVEYING 
TIFFIN, OHIO. Eastern Branch: 88-90 Reade St.. NEW YORK 
Manufacturers of Elevating, Conveying and Power Transmitting Machinery for POWER 
all purposes. Over thirty years’ experience in this line and extensive facilities for TrRanSMITTING 
| manufacturing give us large advantages. Belt Conveyors for handling cements, ores, MACHINERY 
sand, gravel, etc. Coal and Ash Handling Systems for power plants and buildings. 
| Chain Belting. Gearing. | 
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HOISTING AND CONVEYING MACHINERY 


CHAIN THE YALE & TOWNE MFG. CO. 
BLOCKS 9 Murray Sr. NEW YORK 
ELECTRIC Makers of the Triplex Block and Electric Hoists. The Triplex Block 
HOISTS is made in 14 sizes, with a lifting capacity of from } to 20 tons; Electric 

Hoist in 10 sizes, ¢ to 16 tons. 


AIR COMPRESSORS AND PNEUMATIC TOOLS 





‘aera 
| 


AIR CHICAGO PNEUMATIC TOOL CO. 


COMPRESSORS CHICAGO, ILL. 


PNEUMATIC ; F tiaese 
TOOLS Manufacturers of ‘‘Chicago Pneumatic’’ Air Compressors and a complete 


line of Pneumatic Tools and Appliances. 











AIR 


COMPRESSORS | INGERSOLL-RAND COMPANY 


TOOLS > 
HOISTS AND 11 Broapway NEW YORK | 
SAND Twenty standard Air Compressor types, capacity 8 to 8000 cu. ft. per minute; | 
RAMMERS “Crown” and “Imperial” Hammers and Drills, all sizes; “Imperial” Air Motor Hoists, 
4 to 5 tons capacity; ““Crown’’ Sand Rammers, floor and bench types. 
| 








ROLLING MILL MACHINERY 





aie MACKINTOSH HEMPHILL & CO. 
PITTSBURGH, PA. 


ROLLING MILL . P . P ‘ 
MACHINERY |. Engines, single and compound, corliss reversing and blowing. Roll- | 
ing Mill and Hydraulic Machinery of all kinds. Shears, Punches, Saws, | 

Coping Machines. 








steam |UNITED ENGINEERING & FOUNDRY CO. 

HYDRAULIG | 2300 Farmers’ Bank Bldg. PITTSBURG, PA. 
FORGING Manufacturers of High-Speed Steam Hydraulic Forging Presses. | 
PRESSES Single Lever Control. Built for all classes of Forging, Shearing or Press- | 
ing. 100 to 12,000 tons capacity. | 





PAPERS FROM TRANSACTIONS OF A. S. M. E. 
PAPERS 


ON ‘ No. 243. Testing of Water Wheels: R. H. Thurston, price $.50; No. 483. A Problem 
WATER in Water Power: John Richards, price $.10; No. 1042. Potential Efficiency of Prime 
Movers: C. V. Kern, price $.20:; No. 1057. Computation of Values of Water Powers: C. 
WHEELS T. Main, price $.20; No. 1107. Efficiency Tests of Turbine Water Wheels: W. O. Webber, 
price $.30. Price per set, $1.20. 


5 -_ - 
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| 
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ELECTRICAL APPARATUS 


ELECTRICAL AP 





ALLIS-CHALMERS COMPANY 
MILWAUKEE, WISCONSIN 


Builders of Electrical Machinery of every description; Motors and 


Generators for alternating and direct current; Rotary Converters, Trans- 
formers, Switchboards. 





PARATUS 


MOTORS 
AND 
GENERATORS 








GENERAL ELECTRIC COMPANY 
SCHENECTADY, N. Y. 


The General Electric Company has equipped machines of all kinds with 
its motors. For each kind of machine there is an equipment of motor and 
controller that is best. 





a 


ELECTRIC 
DRIVE 





WAGNER ELECTRIC MFG. COMPANY 
ST. LOUIS, MO. 
Producers of the commercially successful Single-phase Motor. Pioneers in Power 


and Lighting Transformers. Builders of the most liberally designed and rugged poly- 
phase generators and motors the market affords. Manufacturers of the most compre- 





hensive line of switchboard and portable instruments offered to-day. 





DYNAMOS 
MOTORS 


TRANSFORMERS 


INSTRUMENTS 





WESTINGHOUSE ELECTRIC & MFG. CO. 
PITTSBURG, PA. 


Westinghouse Electric Motor Drive. Pumps, compressors, hoists, 
machine tools and every class of apparatus develop their highest efficiency 





when individually driven with Westinghouse Motors. 





| materials. 


ELECTRIC 
MOTOR 
DRIVE 





BLOWERS, FANS, DRYERS, ETC. 


P. H. & F. M. ROOTS CO. 
CONNERSVILLE, IND. 


Positive Pressure Blowers for foundries. High Pressure Blowers. Blowers for 
vacuum cleaning, for laundries, for blacksmiths. Positive Rotary Pumps, Positive 
Pressure Gas Exhansters. High Pressure Gas Pumps. Flexible Couplings. 





RUGGLES-COLES ENGINEERING CO. 


McCormick Buipc., CHICAGO Hupson Terminat, NEW YORK 


Dryers. Direct heat, Indirect heat, and Steam Dryers for all kinds of 
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BLOWERS 


| GAS 
EXHAUSTERS 


PUMPS 


DRYERS 





BLOWERS, FANS, DRYERS, ETC. 








FANS B. F. STURTEVANT COMPANY 
BLOWERS) | HYDE PARK, MASS. 
ECONOMIZERS | We make equipment to force or exhaust air under all conditions. 
ENGINES | Largest standard line of ‘‘ready to deliver’’ Fans in the world and special 
| work done where necessary. Consulting representatives in or near your city. 





FOUNDRY EQUIPMENT 





rasAND | INGERSOLL-RAND COMPANY 
AIR TOOLS 11 Broapway NEW YORK 


aw erwee “Crown” Sand Rammers, floor and bench types; “Crown” and “Imperial” Chipping 
COMPRESSORS | Hammers; “Imperial” Air Motor Hoists, } to 5 tons capacity; Air Compressors, twenty 
types, capacity 8 to 8000 cu. ft. per minute. 








MUMFORD MOLDING MACHINE CO. 
FOUNDRY 


MOLDING PLAINFIELD, N. J. 


MACHINE | Plain P r S : ae ‘ a Bi 
sauipment ain Power Squeezing Machines Split Pattern Vibrator Machines 


Jolt Ramming Machines Pneumatic Vibrators 





J. W. PAXSON CO. 
Prer 45 Nortu PHILADELPHIA, PA. 
EQUIPMENT Manufacturers and engineers. Complete Foundry Equipment. Cupolas, 


Blowers, Sand Blast Machinery, Cranes, Tramrail Systems. Foundry 
| Suneings designed, Foundry Sand, etc. 


FOUNDRY 














| WHITING FOUNDRY EQUIPMENT CO. 
FOUNDRY el 
PLANT HARVEY, ILL. | 
Manufacturers, Engi and Designers of c lete equipment fi y iron, | 
EQUIPMENT | brass, o~ ‘cdasal, aia’ dies wind ceaieaiie Geamire Shente. aad Canes aff an ne 


for every service. Buildings designed and furnished; equipment installed and 
operated. 





ENGINEERING MISCELLANY 


ALUMINUM COMPANY OF AMERICA 
PITTSBURGH, PA. 


Aluminum Ingot, Sheet, Rod, Wire, Cable, Tubing and other forms. 


ALUMINUM 
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ENGINEERING MISCELLANY 


BUILDERS IRON FOUNDRY 
PROVIDENCE, R. I. 
Engineers, Founders and Machinists 


Castings of Unusual Weight and Strength. Large and Accurate 
Machine Work. Grinding and Polishing Machines, 














EMMERT MANUFACTURING CO. 
WAYNESBORO, PA. 
The “Noyes” Vertical or Horizontal T-Square. Comprises a combination of the usual 
| T-square, scales and triangles, with which the draftsman can make full sized drawings 


| of almost any size of machine, while sitting or standing in a normal position. 
i 











RICHARDSON SCALE COMPANY | 
BOSTON NEW YORK CHICAGO | 


Richardson Automatic Scales, to check coal received and amount fed to | 


boilers. Automatic Scales for water and for recording contents of cars and | 
belt conveyors in transit. 














STANDARD ROLLER BEARING COMPANY 
50th St. and Lancaster Ave. PHILADELPHIA ,PA. 


Largest manufacturers in the world of Ball and Roller Bearings for all 
purposes. Steel, Bronze and Brass Balls. 











UNION DRAWN STEEL CO. 
BEAVER FALLS, PA. 


Makers of Bright Cold Finished Bessemer, Open Hearth Crucible and 
Alloy Steels, in Rounds, Flats, Squares, Hexagons and Special Shapes. 


| 





THE UNITED STEEL COMPANY 
CANTON, OHIO 


Ingots, Blooms, Billets, U. M. Plates, Bars, 
Sheet Bars. 


BASIC O. H. STEEL 


VANADIUM STEEL 
SPECIAL STEELS 











S. A. WOODS MACHINE CO. 


BOSTON 
CHICAGO-NORFOLK 
NEW ORLEANS-SEATTLE 


The Planer Specialists. Planers for Dressing Lumber 











; See 
PAPERS FROM TRANSACTIONS OF A. S. M. E. 
No. 1126. Producer Gas Power Plant; Bibbins, price $.26; No. 1133. 
Evolution of Gas Power: Junge, price $.50; No. 1166. Duty Test on Gas 
Power Plant: Bibbins and Alden, price $.40; No. 1167. Control of Internal 
| Combustion: Lucke, price $.20, Price per set, $1.25. 

lL 
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CASTINGS 


MACHINE 
WORK 


GRINDING 
MACHINES 


VERTICAL 
OR 
HORIZONTAL 
T -SQUARE 


AUTOMATIC 
WEIGHING 
MACHINERY 


BALL 
and 
ROLLER 
BEARINGS 


BRIGHT COLD 
FINISHED 
STEEL BARS 


PLANERS 


PAPERS 
ON 
GAS 
PRODUCERS 





ENGINEERING SCHOOLS AND COLLEGES 








NEW YORK UNIVERSITY 
SCHOOL OF APPLIED SCIENCE 


DxgparRTMENTS OF Civil, Mechanical and Chem- 
ical Engineering. 


For announcements or information, address 
Cuar.es Henry Snow, Dean. 


UNIVERSITY HEIGHTS, N. Y. CITY. 


TUFTS COLLEGE 


DEPARTMENT OF ENGINEERING. Civil, Me- 
chanical, Electrical and Chemical Engineering. 
New laboratories and excellent — 
Beautiful site within four miles of Boston 
paratory department for students who have had 
engineering practice, but insufficient prepara- 
tion for college work. For information concern- 
ing courses and positions of graduates, address 


Pror. G. C. Antnony, Dean, 


TUFTS COLLEGE P. O., MASS. 





POLYTECHNIC INSTITUTE OF 
BROOKLYN 


CoursE IN MECHANICAL ENGINEERING, Even- 
ing Post-Graduate Courses. Fred. W. Atkin- 
son, Ph. D., President; W. D. Ennis, Member 
A. 8. M. E., Professor Mechanical Engineering. 





THE RENSSELAER POLYTECH- 
NIC INSTITUTE 


Courses in Civil, Mechanical and Electrical 
Engineering and General Science leading to the 
degrees, C. E., M. E., E. E. and B. S. 

Unsurpassed laboratories for Mechanical and 
Electrical Engineering. 


Catalogue sent upon application, TROY,N.Y 











THE ARNOLD COMPANY 


Engineers—Constructors 
Electrical—Civil—Mechanical 


105 South La Salle Street, CHICAGO. 


BERT L. BALDWIN 


Member A. S. M. E. and A. I. E. E. 


Plans, Specifications and Superintendence of 
Manufacturing Buildings, Plants and Equip- 
ments of same. 


Perin Building, CINCINNATI, OHIO 





F.W. Dean H.M. Haven Wm. W. Crosby 
Members A. S. M. E. 


F. W. DEAN, INC., 
Mill Engineers and Architects, 


Exchange Building, 53 State St., 
BOSTON, MASS. 


ELECTRICAL TESTIN G 
LABORATORIES 


Electrical and Mechanical Laboratories 


Tests of Electrical Machinery, Apparatus and 
Supplies. Materials of Construction, Coal, 
Paper, etc. Inspection of Material and Appa- 
ratus at Manufactories. 


80th Street and East End Avenue. 
NEW YORK CITY. 





CHAS T. MAIN 
Member A. S. M. E. 
Mill Engineer and Architect 


201 Devonshire Street, BOSTON, MASS. 


J. Wm. PETERSON 


Lubrication Engineer 
Specialty: Plans, Specifications and Superintend- 
ence of Power Plant Oiling Systems and 
General Machinery Lubrication 


NEW YORK CITY 


50 CuurcH STREET 


SPECIAL RATES 


Will be quoted on request for 


Professional Cards. 
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